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Abstract 


1.  Oxidation  of  propargyl  alcohol  with  chromic  acid-sulfuric  acid 
in  acetone  gives  propiolic  acid  in  33$  yield.  Base-catalyzed  reactions 
of  methyl  propiolate  with  1,1- dir it rust none,  niti'osthane,  1,1-dinitro- 
butane,  and  methyl  4,4-dinitrobutyrste  result  in  methyl  4,4-dinitro-2- 
pentenoate,  methyl  4-methyl-4-nitro-2,5-heptadieninte , methyl  4,4-dinitro- 

2- heptenoate  and  methyl  4.4-dinitro-2-heptcnedioete  (tent.)  in  73,  15. 

?5.5  and  58  per  cent  yields,  respectively.  Hydrolysis  of  methyl  4,4- 
dinitro-2-pent.enoate  with  dilute  hydrochloric  acid  at  60°  yields 

4.4- dinitro-2-penteooic  acldj  hydrolysis  of  methyl  4-~ . ''r.7l-4-r.i rro~2 , 5- 
heptadienoate  with  dilute  hydrochloric  .acid  gives  5-hy - . *y-4-methyl- 
4-nitro-2-hepteuodioic  acid  lactone  (tent.). 

2.  Selective  reduction  of  2-nitro-l-buteoe  with  lithium  bcrohydride 
in  ethyl  ether-tetrahydrofuran  at  -70°  yields  2-citrobutane  (59,5)6)  and- 

3- metbyl - 3, 5-dinitrohentane  (14.21b}.  Reduction  of  1-nitropropene  gives 
1-nitropropans  (50$)  end  2 -methyl-1, 7-dinitropenttne  _(2.4$).  2-Phenyl- 
1-nitroethanc  is  formed  in  55.5$  yield  upon  reduction  of  ceega-nitrb- 
atyrene  with  lithium  borobydride  in  ethyl  ether-Tet^hydrofuran  at  -70°. 

A study  of  the  variables  on  the  reduction  of  conjugate  nitroolefins 

has  been  made.  Secondary  addition  of  the  nitroelkanes  formed  to 
unreduced  nitroolefins  may  be  minimized  at  lower  temperatures. 

3.  Selective  reduction  of  2-nitro-l-butene  with  sodium  trimethoxy- 
borohydride  in  ethyl  ether-tetrahydrofuran  at  -70°  results  in  2-nitro- 
bufcane  (45$)  and  5-methyl- 3,5-dinitroheptane  ( 35$) j 3-methyl- 3,5- 

din  itroheutane  was  converted  to  3-methyl- 3- nitro-5-heptan one  by  the  lief 
reaction  and  then  characterized  aa  3-oetbyl-3-oitro-5-hept6none  2,4- 
dinitrophenylhydrazone.  Reduction  cf  1-nitropropene  gave  1-nitropro- 
pane  (8l.7$)  and  2-sethyl-l,3-dinitropentane  (11.4$);  2-nitrobutane 
(62.6$)  and  3,4-aimethyl-2,4-dinitrohexana  (62.6$)  were  obtained  by 
reaction  of  2-nitro-2 -butene  with  sodium  tr imethoxyborohydride . Selective 
reduction  of  caega-nitrostyrene  at  -3°  is  believed  to  have  given 

2 .4- diphenyl- 1. 5-dinitrobutane - 

4.  3-Nitro-l-prop6uul  .i&s  prepared  by  reaction  cf  silver 

nitrite  and  3-brcmo-i-piupanoij  oxidative-ciiration  of  3-nitro-l- 
propanol  gave  3, 3-dinitro-i -propanol.  Potassium  3, 3-dinitro-l- propanol 
and  silver  3, 5-dinitro- 1-prcpanol  have  been  prepared  and  characterized. 

Oxidative-nitration  of  c yc lcpenx yin i\,r cnetha  ne  results  in 
formation  of  cyclopentyldinitromethane  (50.9$);  silver  and  potassium 
salts  of  cyclopentyldinitromethane  have  been  prepared  and  characterized. 

Reaction  of  i-bromo-3,3-dimet’nylbutBne  and  silver  nitrite  gave 

3.3- dimethyl-l-nitrobutane,  characterized  as  5,3-dioethylbutanal 

2.4- dinitrophenyihydrazone.  3,3-Dimethyl-l,l-dinitrobutane  was  prepared 
in  43.3$  yield  by  oxidative  nitration  of  3,3-dimethyl-l-nitrobutane. 
Physical  and  analytical  properties  of  potassium  and  silver  5, 3-diaethyl- 
1,1-dinitrobutane  have  been  determined. 
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*}.  Reaction  of  silver  1.1-ainitroe thane  vith  methyl  iodide  in 
acetonitrile  yields  2,2-dinitropropane  (38.^-51.716)  and  1.1-dinitro- 
ethane  (12.3#).  L,L-DjBitro-l-pentene  (22-25#)  was  obtained  from  allyl 
bromide  end  silver  1,1-dinitroethane  in  acetonitrile  at  0°;  a study  has 
been  made  of  reaction  variables  on  this  system. 

6.  l-Erorso-l , l*dinitrcsthane  has  been  prepared  by  reaction  of 
bromine  and  sodium  1-dinitroethene  in  water  at  0-5°.  Reaction  of 
piperidi'ue  with  l-brooc-l,l~dinitroethane  yielded  piperidihtum 
1,1  -dinitroeth&iie  ( 5L . 3#)  , piperidlniuo  bromide  (7k, 7#)*  and  a high 
molecular  veight  product  containing  piperidine  units, 

Reaction  of  1,1,1-trinitrcethsca  with  guanidine  in  ethanol 
at  0-5°  resulted  in  fortsation  of  2,2-dinitroethyiguanidine  (72.8#) 
and  guanidine  nitrite  (82.3#).  A proof  of  structure  and  method  of 
analysis  have  been  developed  for  guanidine  nitrite. 

c 7.  The  solubilities  of  the  potassium  salts  of  1,1-dinitroethane, 

1 , 1-din itropeotane,  l,l-dinitro--3-»ethyibutane,  3, 3-dimethyl- 1, 1- 
dinitrobutane,  cyclopentyldinitrooethane,  and  c yc lohexyld initromethane 
in  water  at  2^.0o°t0.01°  have  been  accurately  determined.  Ionization 
constants  -f or  substituted  l,j.-dinitroalkanes  have  been  determined  at 
25°  in  metbanol_ (17.8#)  -"water,  methanol  (Ul. 9#) -water,  and  dioxane 
(36.0#) -water  (see  Discussion).  The  effect  of  dielectric  properties 
of  the  solvent  medium  on  the  ionization  constant  of  1,1-dinitroethane 
has  been  investigated  (see  Discussion} * 
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1.  BASE-CATALYZED  ADDITION  FRACTIONS  OF  MO NON I TRC ALKANES  AND  FRIMABY 
GIM-DINITFO ALKANES  WITH  METHYL  FROPIOIATE.  SYNTHESIS  OF  PBQPIOLIC 
ACID,  METHYL  4 ; 4 -LI NITBO - 2 - FENTESO ATE , 4,4-DINITB0-2~F£NTEN0IC 
ACID,  MFTEYL  4-METHYL-4-NITRO -2 , 5-HEPTADIEKOATT:,  5-HYDBQZY-4- 
M ETHYL- 4 - NITRO- 2 -EEPTENED IOI C ACID  LACTONE,  METHYL  4,4-.DiNuTR0- 
2-EEFTENOATE  AND  METHYL  U,L-DINITPD-2-HEPTSirSDTOATE, 

A study  of  base-cate* lysed  addition  reactions  of  acidic  mono  and 
dinitroalkanes  with  methyl  propiola-.e  3 a being  continued  as  new 
Michael  systems  which  rosy  be  of  valve  in  the  nitropolymei*  program. 
Addition  of  alpha -omega  dinitro  or  polynitreelkanes  to  methyl 
prepiclete  should  lead  to  a eerie 3 of  difucctionai  intermediates  which 
may  be  of  particular  value  in  *hc  ryr.thesis  of  solid  propellants. 

It  has  been  previously  reported^  that  reaction  of  2-mtro- 
propane  and  methyl  propiolate  in  the  presence  of  methanolic  sodium 
methoxide  occurs  readily  at  0-25°  to  give  methyl  4 -methyl -4-oitro~ 
2-rcntencat?  in  55.4  per  cent  yield  It  vas  also  observed1  that 
addition  of  1,1-ainitroethane  and  methyl  propiolate  in  the  presence 
of  benzyltrimethylammonium  hydroxide  occurs  readily;  however,  the  adduct 
could  not  be  readily  purified  because  of  its  instability.  It  is 
now  reported  that  methyl  4,4-dinitro-2-pentenoete  is  produced 
in  33  per  cent  yield  by  reaction  of  methyl  propiolate  and  1,1-dinitro- 
ethsne  catalyzed  by  methanolic  benzyltrimethylammonium  hydroxide 
(Equation  l) . It  has  also  been  found  that  reaction  of  1,1-dlultro- 
ethane  and  methyl  p?.-opiolote  occura  in  much  higher  yield  in 
tetrahydrofuran  (73^)  thau  in  methanol.  Methyl  4,U-dinitro-2- 
pentenoate  is  be3t  isolated  by  molecular  distillation  technics; 
excessive  iecompcsitiou  of  the  ester  occurs  when  distillation  is 
attempted  at  higher  pressures.  Methyl  4,4-diritro-2-pentencate  vas 
identified  by  its  chemical  properties,  infrared  spectra,  quantitative 
analysis  and  by  hydrolysis  with  dilute  hydrochloric  acid  to  4,4 '--dinitro- 
2-pentecoic  acid  (Equation  2’,.  4,4-Dinitro-2-peutenoic  acid  is  a stable 
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CH3-Cl(H025a  + HC^C-C02-.CH3  CH3-C(N02)2-CHBGS-C02-CS3  (l) 

CE3-C(NCa)2-CH=CH-C02-053  -1-  E2O  CH3-C(N0a;)2-CHaCH-C0sS  + CF30H  (2) 

white  solid  which  was  characterized  by  its  chemical  and  physical 
properties,  its  infrared  absorption  and  by  quantitative  analysis. 

- ^ The  addition  reactions  of  methyl  prcpiolato  with  primary  geia- 
dir.itrottlkanes  has  been  extended  to  1,1-cinitr'cutane  (Equation  3)  and 
methyl  LD^-diEitrobutyrate  (Equation  U)  to  give  methyl  4,4-dinitro-2- 
hepteuoate  t^3j6  yield)  and  methyl  U,4-diniti^~£-heptenedioa&?  (60%, 
tentative).  In  reaction  of  1.1-dinitrobutane  in -the  preagnoe  of 


CH3-C%-CH2-CH(KC2  }*  t HCSG-COgCHs 

CH3-CHs~CH2-C  ( N02 } 2 -CH  u CH  *00^  — CH3 


EC>.itC/2  )2-^ag-CE^“C02“CH3  + 3C=C~CC2  -CH.5 — 


0CE3 


CH3-02  C -CHa  - CH2  -C  ( N02  )s-75*CH-W2-CE3 


(5) 


m 


benzyltriirethylanuBonlna  hydroxide?  it  was  also  observed  that  the  product 
vaa  of  higher  purity  nr,<i  the  yield  was  gr?a -ter  when  anhydrous  tetra- 
hyurofuran  was  used  a?‘ solvent  ( 73 , idTTrg  "her  than  methanol. 

The  addition  reactions  of  methyl  prep folate  have  been  extended  to 
the  primary  monnuitroalkane,  nitreethane.  Considerable  difficulty  has 
been  experienced  in  controlling  and  reproducing  this  reaction;  however, 
in  the  presence  of  excess  methyl  propiolete  ( > 2; l),  addition  occurs 
to  give  methyl  4-aethyi~4-nitro-2,5-heptadiencivte  (Equation  5)  in 
13  per  cent  yield.  The  intermediate  1:1  adduct.-  methyl  4-nitrc~2- 
pentonoate,  has,  as  yot,  not  been  isolated  in  pure  stete.  The  structure 
of  methyl  U-methyl-k-nitro-2,5 'hcptldiencate  has  been  based  on  the 


CEa-CdsNOs  + 2HCiC-CQ'.-CH3 


»CH3*-02C-HC-CH-C'"02 } -CH-CH-CU2-CH3  (5) 
C33 


physical,  chemical  and  ‘ nfrarei  properties  and  qualitative  analysis  of 
the  adduct.  At id  hydrolysis  of  methyl  k- methyl -4~nitro-P , 5-hepta - 
dienoate  is  believed  to  yield  5-hvdroxy- 1 -methyl-»U~nitrc-C" he pieced a oic 
acid  lactone  rather  than  4-methyl-4-nitro-2,p-hoptadienoic  acid 
(Equation  . 
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CH3-02C-CH=CH-C-CE=CH-C02-CH3  [HOaC-CHsCE-C-CHrCE-COaHj 

CH3  6e3 


EOgC-CE?  — EC^  '*0*0 

» j j (6) 

(CE3)(lS0a)C  JSH 

The  structural  assignment  is  based  on  (l)  its  physical^  chemical, 
iufrared  and  quantitative  analysis  characteristics . (2;  its  neutralization 
equivalent  (titration  as  a monobasic  acid),  and  (3)  its  eventual- 
saponification  with  excess  alball.  further  proof  of  structure  of  this 
product  is  now  in  progress 


Propioltc- acid}  previously  prepared  by  decarboxylation  of  saono- 
potassium  acatylensdicarboxylic  acid,  hoe  now  been  preoaved  oy  oxidation 
of  propargyl  alcohol  with  chromic  acid  in  acetone  at  O®2  (33^  yield). 
This  investigation  has  been  terminated  because  propiolic  acid  is  new 
readily  available  from  Fairfield  Laboratories,  Detroit,  Michigan. 


It  has  previously  been  reported  1 that  selective  reduction  of  the 
olefinic  double  bond  in  2-o«thyl- 1-nit ropropece  with  lithium  borohydride 
in  ethyl  ether-tetrahydrofuran  at  0 to  -5°  gave  the  corresponding 
nitroalkane,  2-methyi-l-nitropr<-pene  in  48.!*£  yield  upon  acidification 
with  urea-acetic  acid  solution.  More  recent  work  has  shown  this  reaction 
to  he  of  general  applicability;  2-altro-l-butene,  1-nitropropeat  and 
omega-nitrostyrene  have  been  reduced  to  the  corresponding  saturated 
Citro  compounds  in  yields  of  59.3$,  ^9.9^  and  55.5^  respectively. 


The  reduction  reaction  proceeds  according  to  Equations  7 and  6; 
however  a secondary  reaction  (Equation  9)  occurs  by  reaction  of  the 


R 

4 n-CsCR"K02  + LIBH4  > 

S*' 


r* 


NCH-CR”N02“1  4 BLi+4 


J 


1 * 

>YCE-Cii”S0a  4 BLi  + HAc  + 3HC0 * U xCH-CHR"N0o  + 

R^  ! RV 


LiAc  + H3BO3 


(6) 


Michael  type  of  the  nitroolefin  with  the  reduced  product,  the  nitro- 
altene,  to  give  1,3-ditsltroalkane*  This  yield-lowering 
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RR'CE-CF”!fn2"  + RR’C=CR"N02 vKR'CE-.':-CRB'-N02“  (9) 

F" 

reaction  can  be  minimized  by  lowering  tne  temperature  of  the  reduction 

to  -70',, 

A study  of  the  effect  of  temperature  and  reaction  time  on  the 
reduction  (see  Experimental)  has  shown  that  the  deBired  reaction 
proceeds  crtir^vLyat  lover  temperatures.  Higher  yields  and  complete 
reduction  have  also  been  realized  by  use  of  a 100)6  excess  of  the  lithium 
borohydride,  The  results  of  this  study  are  summarized  in  Table  1. 

Table  1 

HSLUTTIOK  OF  2-NITR0-1-BOTENE  WITH  LITHTIK  B0B0HTDRIDE 

Yield 


Teap.° 

Time.- 
hr  s. 

Moles  LiBB*/ 
moles  Olefin 

2-NItro- 

1-butene 

2-Nitro- 

butane 

3-Methyl-3#5- 
di n itroheptane 

Residue 

-1  to 

+1 

2.5 

1/4 

20.3* 

16.2* 

22.8*6 

15. 7* 

-50  to 
-55 

1.08 

lA 

» 

24.016 

5.7616 

3.2716 

-68  tc 

-70 

5.5 

1/4 

23.7* 

39.016 

9.216 

U.816 

-68  to 
-70 

5.5 

1/2 

None 

59  <316 

14.216 

9.1516 

•if Products  were  vashed  vlth  sodium  bisulfite  solution. 

All  products  were  identified  by  their  physical  constants,  infrared 
spectra,  end  by  conversion  to  the  corresponding  carbonyl  compound  via 
the  Ncf  reaction  ' and  thence  to  the  ?,4-.dinit’"ephonylhydrazone 
derivative. 

3.  DEDUCTION  OF  ^CONJUGATED  NITR00LEFIKS  WITH  SOPIIN  TRIMETHOXY- 
BOBOHYDRIDE.  -----  - - 

The  study  of  the  selective  reduction  of  the  carbon-carbon  double 
bond  of  conjugated  nitroolefir.s  wi'-.h  sodium  triasthoxyfcorohydride  has 
been  continued.  It  va*  previously  reported  1 that  2-methyl-l-nitro- 
prcpane  could  be  reduced  to  2-methyl-l-nitropropane  in  63. '*1°  yield* 
it  is  now  reported  that  2-nitro-l-butene,  i-nitropropene  and  2-nitro-2- 
butene  have  been  reduced  to  the  corresponding  nitroallcanas  in  yields  of 
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61.716  and  respectively.  Reduction  of  omege-nitrostyreue 

resulted  in  the  isolation  of  a high  melting  solid,  as  yet  unidentified 
(see  Experimental)* 

Two  reactions  occur  in  these  systems;  (l)  the  desired  reduction 
reaction  to  give  the  saturated  nitro  compound  (Equations  10  and  11) 
and  (2)  Michael  condensation  of  the  nitroolefin  with  the  salt  of  the 
reduced  product  {Equation  12)  to  give  the  l,3-dinitroaik&ne.  Formation 
of  tb“  Michwel  condensation  product  may  be  minimized  by  effecting  the 
reduction  at  =70‘ 1 . 

BRnes7R"Kb2  + HaBH(0CH2)3 * EE 'CK-CB"NC2Na  + (OCHaLjB  flO) 

■RR,'^-C?l"N02Na  + H+ f HR  'CE-CHR"N0g  + “ (11) 

RF.’CH-G^'NOa”  > RR  ’CsOCHCz vRR 'CE-CR’’<EK>2)-CEn,-N02'*  (12) 


Complete  reduction  of  the  conjugated  nitroolef ins  iway  be  realized 

if.  a 5016  excess  cf  sodium  t rime thcgybcrchyd ride  is  employed.  The  . * .... 

effects  of  time  end  temperature  on  these  reduction  systems  have  been 
studded  (Table  II  as  an  example);  the  optimum  conditions  include  a 
short  reaction  time  and  low  temperature. 

Table  2 


REDUCTION.  CF  2-HITR0-1-3UFESE  WITH  SODIUM  TR XMETHCXYBGICifYjiR IDE 


- 

Time 

Melee 

KaFH (0023)3/ 

2-Kitro- 

Yield  - 

‘2-Kitro — * -Methyl-1, 3- 

Temp. 

Min. 

moles  Olefin 

1 -butene 

butane 

- dinitroheptane 

Residue 

-1  to 

C ... 

\ -2? 

l6C 

1/1 

■& 

9.216 

5.05)6 

68* 

-55  to 

- - 

" 

-60° 

100 

l./l 

?9.7% 

he. 2$  . c[ 

7.2)6 

-6c  to 
-o5c 

IOC 

1.5/1 

None 

F5(6 

3?F 

8.516 

a 

Product 

was  washed  with 

sodium  biBulfite  eolution. 

All  products  were  identified  by  their  physical  constants,  infrared 
spectra  and  by  conversion  to  the  corresponding  carbonyl  compound  via 
the  Nef  reaction'  and  thence  to  the  2,^-dlnitrophenylhydrasone 
derivative. 
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4.  SMCTIOBB  OF  SILVER  l,l-PIHHB08rBAWB  WITH  METHYL  IODIDE  AND  ALLY!  BROMIDE. 

Beection  of  silver  salt*  of  acidic  nitroalkane®  with  alkyl  hbHdes 
may  lead  to  carbon  and  oxygen-alkylated  products.  Methyl  iodide  react# 
with  silver  l,l-dinitror*V  ie  ^ in  the  absence  of  a solvent  to  give 
2,2-din itrcpropane  (9,5$),  1,1-dinitroethane  (15,2$),  ethylnitrolic  acid 
(6.1%),  formaldehyde  and  reethyl  ethanenitrolate  (tent).  Since  it  hes  bean 
found  that  1,1,1-trinitroalksnQs  are  formed  in  reactions  of  primary  alkyl 
halides  with  silver  trinitroaethane,  5 an  investigation  has  bare  initiated 
of  the  effects  <n  temperature  and  solvents  of  high  dielectric  constants  on 
the  displacement  reactions  of  silver  salts  of  1,1-dinitroalkanes  with  alkyl 
halides.  It  has  been  previously  reported  1 from  this  laboratory  that 
reaction  of  methyl  iodide  and  silver  1,1-dinitroethane  in  anhydrous 
acetonitrile  at  0-5°  gave  2,2-dinitropropene  (15.7#),  1,1-dinitroethane 
(9.8$)  and  formaldehyde;  no  ethylnitrolic  acid  could  be  isolated*  It  is 
now  reported  that  addition  of  methyl  iodide  to  a solution  of  ailver  1,1- 
dlnitroethane  in  acetonitrile  at  0-5°  results  in  the  formation  of  acidic 
and  neutral  products.  Separation  and  purification  of  the  neutral  components 
result  in  isolation  of  2,2-dinitrcpropese  in  51.?$  crude  yield;  further 
purification  of  the  2,2-dinitropropsne  by  chromatography  on  magnesol-Celite 
and  vacuum  sublimation  gave  pure  2,2-dinitropropane  In  38.4$  yield. 
Characterization  of  the  acidic  components  result  in  the  Isolation  of 
1,1-dinitroethane  as  Its  potassium  salt  in  1 2.3$  yield;  no  evidence  was 
found  for  the  presence  of  ethylnitrolic  acid  in  the  reaction  product. 

Reaction  of  allyl  bromide  with  silver  1,1-dinitroethane  in  anhydrous 
acetonitrile  at  0°  resulted  in  formation  of  4,4-dinitro-l-pentene  (Equation  10) 
in  22$  yield;  the  acidic  reaction  products  have  not  been  characterized. 

CHgsCH-CHzBr  + Ag(02N)2C-CH3 *CH2*CH-CH2-C(B02)2-CH3  (10) 

4.4- Binitro-l-pentene  slowly  decolorizes  bromine  in  carbon  tetrachloride 
and  an  aqueous  solution  of  lithium  permanganate;  the  structural  assignment 
for  the  product  ie  based  on  its  quantitative  analysis,  its  infrared  spectra 
and  its  lack  of  reactivity  with  aqueous  bases. 

A study  of  the  effect  of  temperature  on  reaction  of  allyl  bromide  with 
silver  1,1-dinitroethane  at  -40°,  0°,  and  60°  in  acetonitrile  resulted  in 
formation  of  4,4-dinitro-l-pentene  in  22.7$,  22.0$,  end  9$  yields, 
respectively.  Inversion  of  the  reaction  procedure  iv  thet  an  acetonitrile 
solution  of  silver  1,1-dinitroethane  was  sdded  to  allyl  bromide  at  0°  gave 

4.4- dinitro  l-pentene  in  25.6$  yiold  . No  evidence  has  been  obtained  for 
oxygen-alkylation  in  this  system.  Heterogeneous  reaction  of  silver  1,1- 
dinitroethane  and  allyl  bromide  in  ethyl  ether  at  26°  yielded  a very 
sensitive  reaction  product  which  decomposed  violently  upon  attempted 
distillation. 

9 . REACTION  OF  PI  P2P  ID  IN?-  AND  1-BBOMO-l,  l-LINITFOETEANE . 

The  reactions  of  various  bases  with  l-bromo-l,l-dinitroethane  are 
being  investigated  (l)  as  methods  for  preparation  cf  1,1-dinitroethylene 
and  its  addition  products  and  (2)  in  order  to  obtain  information  concerning 
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thh  behavior  of  haledinltroelteoee  during  reduction.  It  haB  been  previously 
reported1  , that  piperidine  reacts  with  i~bromo-l,l-dinitroethane  by 
oxidation-reduction  involving  dia placement  of  bromooium  ion  to  give  the 
piperidine  salt  of  1,1-dinitroethana;.  the  other  products  of  reaction  were 
not.  identified.  It  ia  no*  reported  that  piperidine  end  l-brooc-l,l-dinitro- 
ethers  in  ethyl  ether  at  0°  react  to  give  piperidioium  1,1-dinitroethane 
pipsridioiua  hydrobromide  (75.7$),  and  a high-molecular  weight 
product  (presumably  a-trimer)  derived  from  5>h/5_,6-tetrahydropyridine 
v Equations  11  and  12).  Piperidinium  1,1-iinitroethanc  vs a identified  by 


3 C5H10KH  + CHh-CBHNOj?  5 2 ) C^SioUHElOpN/gC-CHa  + 

usHiofeBr  + [C5H9N] 


(11) 


i* 


(SsHsHJa 


(12) 


comparison  with  an  authentic  sample  prepared  from  piperidine  and 

1.1- dinitroethsue  and  by  ite  ultraviolet  spectrum.  Piperidioium  hydro- 
bromide  «so- identified  by  ite  physical  and  chemical  properties  and  by 
comparison  with  an  authentic  earn pie,  The  unidentified  basic  product  is 
believed  to  be  a mixture  of  stereoisoaeric  saturated  1,3*5- triasines 
resulting  from  trimer  last  ion  cf  3*^*5, 6-tetrshydropyridine  (£quatipal£^» 

6.  REACTION  OF  1.1.  l-TOI^ITROETHASE  ASP  gaTOSg. 

-■*% 

It  has  been  previously  reported*  that  reaction  Of  guanidine  _ 

^ equivalent^Sn^  t, ethSoSI 
results  in  elimination-addition  to  give  2,2-dinitroethylguanidine  in 
11.1$  yield;  the  other  products  of  reaction  were  not  identified*  It  is 
now  reported  that  reaction  of  guanidine  and  1,1,1-trinitroothane  in 
ethanol  at  G-5S  gives  2,2-dinitroethylguanidine  (72.3$)  and  guanidiniua 
nitrite  (82.3$,  Equation  13) . An  ultraviolet  absorption  method  has  been 

2 HaS-J^SHs  + CH3-C(KQs>)3 ) HsN-Mhz-CRs-CCnOs)^  + 

HaN-C-NHg -HNO? 

developed  for  estimating  the  concentrations  end  the  yieDd  of  * 

2.2- dinit.roethylgxianidine  produced  in  this  reaction.  Guanidine  nitrite 

was  identified  by  its  chemical  and  physical  properties  and  by  its  conversion 
to  guanidinium  picrate  and  silver  nitrite. 

7.  OrOUTIVE-RITRATIOS  OF  3 , 3-SIMETHYL-I  -NITBOBOTASE  AND  ggaRENm- 
Sn’RSMgfgftHSl  3. 3-DIMETHYL- l.l-DIKITBOBUrANE  AND  CYC1GPEKTII1?IHITB0~ 
METHANE. 

3*  3-Dimethyl-l-nitrobutane  has  bean  preparedby  reaction  cf  silver 
nitrite  and  l-bromo-3,3-di®ethylbutane.  3*3-I>i»ethyl-l-nitrobutane  did  not 
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givvsLtv-  completely  satinfaciory  qrurotitaiiv3  analysis  and  thus  it  was 
converted  to  3, 3-din.etbyIV.jtaral  via  its  sodium  salt  ana  the  Kef  reaction,. 

3#  3*1£inetfcy.2a3utc val  vas.  characterized  a WHnit^opfegnylhydrason® 
and  t-ee-ane— eipnt  i tat i^ei y analysed: 

Ojsidni- era  -nitration  of  3;3-di®efchyl-l-«itrohut£“c*  resulted  in  the 
fon&^vlon  pv  5>-3" Aiaetbyr.**! &f rilir^butcne  in  .43.356  yield*  3, 3-Bi««thyl-- 
1,1-41^  trobufsme  was  characterized  •.by  .its  infrared  spectra,  by-  conversion 
into  Its  potaeoluis  snd  its  pi Ivor  salts,  and  by  analysis  as  ailver 
5,5p?ia©tfcyi-.  I,  1-dinitrobutaee, 

Bsacticn  of  the  sodium  salt  of-cyclopeutylnitrdoethBoe  vith 
silver  nitrate  and  sodium  nitrite  yielded  cvc. lope ctyldinitrooetbane  (50.9%). 
Idbf^-ificeti^n  cyclcpsstyldinitrcs^feane  was  based  on  its  infrared  and 
its  quantitative  analyses^  conversion  to  the  potassium  salt  and  its 
ultraviolet  spectra,  and  hy  preparation  and  analysis  of  its  Silver  salt. 


P.  THE  P?Tt'IEliCE5  OF  SOLVENT?-  ON  THE  lOri'/ATION  CONSTANTS  OF 

sbBSTiciwa) 


„ A study  has  been  so.de  of  the  apperant  ionization  constants  of 
e lev an  1, 1-cinitroaihanes  is  various  solvent  oys-vns  (Table  3)  in 
order  to  determine  the  influence  cf  steric  and  electrical  factors  on 
the  nr. id  properties  cf  this  close  of  compounds.  The  solvent  systems 
which  have  been  studied  at  25°  are  methanol  (l7.8>)-vater,  methanol 
(^ll.^J-vater  and  dioxane  {$6$) -water.  In  general,  the  same  order 
of  relative  acidities  for 'the  substituted  1, l-diaitroelkanes  was  found 
in  each  of  the  three  solvent  systems.  The  only  exception  that  has 
been  found  are  the  relative  ionization  constants  of  eye lopsntyldinitro- 
oethane  and  cyclohexyldinitromethane  in  methanol  ( 17. fit) -water. 
Excellent  agreement  -has  been  obtained  free  the  studies  of  ionization 
constants  of  l,l-dinitroaItaar»e3  aed  the  solubilities  end  ultraviolet 
spectra  or  their  potassium  salts  for  the  general  concept  that  the 
structures  of  nitror.it ronate  iema  are  markedly  iufiuenced  by  the  steric 
requirements  of  their  alkyl  substituents. 


It  has  been  previously  reported1  that  the  ionization  constant  of 
phenyldinitroaethane  can  be  correlated  with  the  dielectric  properties 
of  the  solvent  medium)  over  the  dielectric  constant  range  71.0-59*0. 
the  ionization  constants  of  phenyldicitrooethane  decreases  almost 
linearly.  A-studv  ie  now  reported  (Table  4)  of  the  influence  of  the 
dielectric  nature  of  the  solvent  on  the  ionization  constant  of  1,1- 
dinitroethane  in  methanol-water.  Over  the  dielectric  range:  78,5  to 
49.4  a plot-  of  the  ionization  constant  of  1,1-diiiitroethane  against 
the  reciprocal  of  the  dielectric  constant  of  the  solvent  medium  la 
essentially  that  of  a straight  line;  at  lover  dielectric  values,  the 
decrease  in  ionization  constant  of  1,1-dinitroethane  becomes  accelerated. 
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» The  temperature  of  all  solutions  veb  25*0  i Q.1°C.  Titratione  vere 
conducted  vith  a Beckman  pH  meter  with  glass  electrode,  standardized 
with  sodium  acetate-acetic  acid  (pH  - 4)  Buffer  in  water. 


b.  Neutralizations  vere  carried  out  by  adding  0.1000  N aqueous  sodium  hydroxide 
to  a solution  of  the  l.i-dinitroalkane  iu  a mixture  of  15  ml.  cf  C.p.  methanol 
and  59  ml.  of  distilled  water. 


c.  Per  cent  methanol  by  weight  at  half  titre. 

c.  Titrations  were  conducted  by  adding  C . 1000  N aq.  sodium  hydroxide 
to  a solution  of  the  1,1-dinitroalkaue  in  50  ml.  of  methanol  and  50  ml. 
of  water.  Titration  of  1, 1-din itroetiiar.e  in  aqueous  methanol  (41.9$ 
methanol  by  weight)  with  0 1000  K sodium  hydroxide  in  aquepus  methanol  of  the 
same  composition  gave  an  ionization  constant  of  1.50  x 10“°;  this  is  in 
excellent  agreement,  within  experimental  error,  for  the  ionization  constant 
determined  by  titration  of  50i50  methanol-water  vith  aqueous  sodium  hydroxide 
methanol  at  neutralization:4l.9£} , 


e.  This  set  cf  titrations  was  run  by  adding  0.10CC  N aqueous  sodium 
hydroxide  to  a solution  of  the  1, t-dinitroalkane  in  50  ml.  of  purified  dioxane 
and  50  ml.  of  water,. 

f , Per  cent  dioxane  by  weight  at  half  titre. 


g.  These  compounds  were  not  completely  soluble  in  the  methanol  (17.8$)  - 
water  a W VUV  VUW0W  Wi  WHO  Ui  biTtbXUMD  4 


Table  4 

The  Effect  of  Solvent  Composition  and  Dielectric  Constant  on  the  Ionization 


Constant  of 

1, 1- Dinit roethane  at 

25.C4!  0.1° ,a 

4 ion  x 10a 

% KeOH(wt.) 

Dielectric 

*ion 

Constant 

0 

78,48 

6.65  x 

io-6 

665 

17.  S6 

70.8 

4.07  x 

1C"6 

407 

25.34 

67.50 

2.91  x 

10-6 

291 

41.90 

59.90 

1.45  x 

10"  5 

145 

41.90b 

59.90 

1.50  x 

10-6 

150 

44. 2C 

58.85 

1.25  x 

10~6 
10“  ( 

125 

u.m 

49.40 

3.54  x 

35.4 

87.77 

38.80 

5,71  x 

to 

i 

s 

5.71 

a ^nparent  ionization  constants 

were  determined 

from 

pH  at  half- 

titre of  methanol  - water  solutions 

of  l.l-dinit roethane 

wit  h methanol! 

aqueous  sodium  hydroxide  solution  of  identical  solvent  composition. 
Titration  of  methanoiic -aqueous  1 ,1-dinitroethane  with  aqueous  sodium 
hydroxide;  oer  cent  methanol  of  solution  at  half-tit re  was  calculated. 
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Experimental 


1.  OXIDATION  0?  FROPABCU,  ALCOHOL;  PBOPIOLiC  ASIX) 

An  aqueous  solution  of  chromic  acid  (70.0  g.,  0.70  moles  in  350  ml. 
of  water  and  112  g.,  1.1?  moles  cf  sulfuric  acid)  ves  added  in  3 hours  to 
a stirred  solution  of  propargyl  alchhcl  (31*0  g.,  22.0  ml.,  0.54  moles) 
in  acetone  at  0°.  The  reaction  mixture  was  allowed  to  warm  to  roc® 
temperature  overnight,  then  poured  into  iced  water,  and  extracted  with 
ethyl  ether.  The  combined  ether  extracts  were  dried  over  sodium 
sulfate  and  then  over  calcium  chloride.  The  ether  solution  was  concentrated 
at  atmospheric  pressure  and  then  distilled  under  vacuum  to  give  propiolic 
acid  (12.58  g,,  33*  yield):  b.p.  83-85°  (50  am.),  n§°  1.4308,  96.5$ 
assay;  lit.  ° b.p.  83-34°  (50  mm.),  nf|'J  1,4302. 

2 . BEASTION  OF  1 1 l-DINITROETHANE  AND  MEI3TL  PROPIOLATE;  METFTL 
474  -mNITR0-2-PENTENC  ATS . 

Procedure  1 - Benzyltrimethylammonium  hydroxide,  (Triton  B,  10  ml. 
of  a 35$  solution  in  methanol)  was  added  Blcwly  to  a cold,  stirred 
solution  of  methyl  propiolate  (5.0  g.,  0,06  soles)  and  ?,l-dinitro- 
ethane  (S.4  g.,  0,07  moles)  in  anhydrous  methanol  (30  ml.).  The 
solution  was  stirred  overnight,  warmed  te  room  temperature  and  then 
poured  into  cold,  dilute  hydrochloric  acid  (1  N).  The  dark-red 
mixture  was  extracted  with  ethyl  ether;  the  combined  ether  extracts 
were  washed  with  dilute  Bodiu*  bicarbonate  solution  and  with  water 
and  then  dried  over  calcium  chloride.  Upon  removal  of  the  ether 
at  reduced  pressure  the  yellow  residue  (6.0  g.)  wse  distilled  twice 
in  a molecular  still  to  give  methyl  4,4-dinltrc-2-pentanoato; 

4.0  53$  yield,  ngO  1.4756,  df0  1.332,  MB.gO  (calc.)  42.33, 

KR§°  (found)  42.98.  Infrared  analysis  of  the  product  indicates 

the  presence  of  ester  (5.3  microns),  conjugated  double  bond  (6.1  microns) 

and  gem-dtnitro  (6.2  microns)  groups. 

Anal.  Calc,  for  CeHeNzOe*.  C,  35.29;  H,  3.95;  N,  13.72. 

Pound:  C,  55.59;  H,  5.59;  N,  15,22. 

Procedure  2 - A solution  of  1,1— iinitroetnane  (12,0  g.,  o.l  sole), 
methyl  propiolate  (9.0  g,,  0,11  mole)  and  anhydrous  tetrahydrofuran 
(60  ml.)  was  placed  in  an  Erlenmeyer  flask  equipped  with  a magnetic 
stirrer,  an  ice  bath  and  a drying  tube,  Triton  B (5  ml.,  35$  in 
methanol)  was  added  in  small  portions  (2  hrs.)  to  the  cold, veil 
stirrM  solution.  The  mixture  was  then  allowed  to  warm  to  rocm 
temperature  oversight.  The  dark-red  reaction  mixture  was  shaken  with 
saturated  sodium  chloride  solution  containing  a few  drops  cf 
concentrated  hydrochloric  acid  until  the  organic  layer  was  acid.  The 
tetrahydrofuran  was  removed  at  reduced  pressure;  the  residual  red  oil 
vaa  then  dissolved  in  ether.  The  ether  solution  was  washed  twice 
with  aqueous  sodium  hydroxide  (5$),  once  with  hydrochloric  acid  (1  N), 
several  times  with  water  and  then  dried  ever  calcium  chloride.  After 
the  ether  had  been  vacuum  distilled, the  red  residue  (19  g.,  93$  yield) 
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was  purified  by  molecular  distillation  to  give  nearly  colorless 
methyl  4,4~dinitro-2-pentenoate:  14.9  g.,  75%  yield,  o^°  1.4754, 

3.  HTDROLYSIS  OF  METHYL  4 A^ITHTFO-g-PENT^ATE;  4 .U-CINITBO- 

2-E3iTTK0ZC  ACH) 

Methyl  4,4-dinitrc—  2-pentenoato  (0.62  g.^  0.003  moles)  was 
added  to  dilute  hydrochloric  acid  (30  ml.,  2 N)  end  stirred  at  60° 
for  2 days.  The  clear  solution  was  cooled  and  extracted  with  ethyl 
ether.  The  ether  9rtrect  was  dried  and  evaporated  at  reduce J pressure; 
a white  crystalline  solid,  4 , 4-d in itro-2-penter.oic  ae la  ( 0 . %>  g(., 

66%  yield),  remained  which  melted’ at  115-119°  upon  being  washed  with 
several  portions  of  cold  ethyl  ether;  neut.  equiv.  (calc.)  190, 
neut.  equiv.  (found}  191. 

Anal.  Calc,  for  C5HeN206:  C,  31.59;  E,  3.13;  N,  l4.?4 

Found:  C,  31,84;  B,  3.?6;  N,  14.56 

4.  REACTION  OF  KITBCBTHANE  ARP  METHYL  HfflPIOXATE:  METHYL  4.METHYL~ 

4- NITH0-2 , 5 -HEPTAI  iTENOATE 

Benzyltrimethylammonium  hydroxide  (Triton  B,  16  ml.,  35%  in 
methanol)  wee  added  in  small  portions  to  a stirred  mixture  of  methyl 
propiolate  (16.8  g.,  0.20  moles)  and  aitroethane  (7.5  g.>  O.IO  moles) 
in  anhydrous  methanol  (40  ml.)  at  0°.  The  reaction  mixture  was  warmed 
to  roam  temperature  overnight  and  then  poured  into  dilute  hydrochloric 
acid  (l  N).  The  mixture  was  extracted  with  ethyl  ether;  the  ether  extracts 
were  combined  and  dried  over  calcium  chloride.  Upon  distillation  of  the 
ether  extract  a mixture  of  a yellow  oil  and  white  crystals  (total  10  g.) 
remained.  The  reaidue  mixture  was  dissolve  in  ethyl  ether  and 
fractionally  crystallised  by  partially  removing  the  ether  and  then 
filtering  the  product,  and  repeating  these  processes  until  the  oily 
product  began  separating.  The  crystalline  product  was  identified  as 
methyl  4-aethyl-4~nitro-2>5-heptalienoate  (3.0  g.,  13%  yield)  by 
quantitative  and  infrared  analysis.  Its  infrared  spectrum  indicates 
the  presence  of  nitro  (6.4  microns),  ester  (3.8  microns),  and  conjugated 
double  bond  (6,1  microns)  groups.  The  liquid  product  of  reaction  was 
not  identified. 

Anal.  Calc,  for  CioHisOaN:  C,  49,39;  H,  5.59;  N,  5.?6. 

Found:  C,  4y.4C;  S,  1?w25;  N,  5.79 

5.  HYTftOLYSIS  0?  METHY L 4~METBYL-4-NITB0-2 . 5-KEPT'APrE!jQAT5 ; 

5- hTDROXY  -T -?iSTin2^4^Ni  lR0-2^HEPr£lj£TT0IC  ACID  LACTONE  ( tent)  . 

Methyl  methyl-u-nitro-2,5-heptadienoate  (0.30  g.,  0.0012  moles) 
was  stirred  in  dilute  hydrochloric  acid  (2  N)  at  60°  for  two  days. 

The  clear  solution  was  extracted  with  ethyl  ether;  the  combined 
ether  extracts  were  dried  over  calcium  chloride.  Upon  partial 
distillation  of  the  ether  extract,  successive  crops  of  a white, 
amorphous  powder  separated  from  solution.  The  product  was  tentatively 
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identified  as  5-hJdroxy-4— metkyl-4-nitro-2~heTf:-enedioic  acid. lactone 
(0.170  &.#  65^  yield);  neut.  eqyjvl  (calc.)  "?15  g.,  neut.  equiv. 
(found)  209  and  219.  The  product  did  not  have  a definite  melting 
point*  decomposing  slowly  above  120°*  and  rapidly  about  160°. 

Anal.  Calc,  for  CeHsOsNr  C,  44.65#  H,  4.21;  N,  6.51 

Found:  0,  44.90;  H,  4.20;  N,  6.34 

6.  KEACTIOK  OF  AMD  KETHYL  PROPIOLATE | METHYL 

^r-DINI^o'-g-HEFTEr^fTS^^ 


Procedure  1 - BeniyltrJmethyla&monium  hydroxide  (Triton  B#  10  ml.# 

35$  in  methanol)  vas  added  in  small  portions  to  a cola  stirred  mixture 
of  methyl  propiolate  (3.36  g.,  0.04  moles)  in  anhydrous  methanol 
(50  ml.).  The  solution  was  allowed  to  vara  to  room  temperature  over- 
night and  then  poured  into  diiiute  hydrochloric  acid  (l  N) . The  reaction 
mixture  was  extracted  vith  ettiyl  ether;  the  ether  extract  was  dried  over 
sodium  sulfate#  concentrated  at  reduced  pressure#  redried  ever  calcium 
chloride,  and  then  vacuum-evaporated  for  one  heur  &%  a pressure  of  1 mo. 
The  pale  yellow  liquid  residue  (4.3  g.)  was  distilled  through  a molecular 
still  to  give  a pale  yellow  liquid#  methyl  4 ^U-dlnitro-g-heptenoata 
(1.4  g.#  excessive  manipulative  lose),'  -o^r^T.839, — 

MR^  (calc.)  51.57,  MBn°  {found)  52.11.  The  infrared  spectrum  of  the 
product  indicated  absorption  for  ester  (5.8  microns),  conjugated  double 
bond  (6.1  microns,  weak)  and  gem-dlnltro(6.2  microns)  groups. 

Anal.  Calc,  for  CaHislfeOei  C#  4lv3&;  H,  5.21;  S,  12.07 

Found:  C,  41.43;  B#  5.lB;  N,  11.19 


Procedure  2 — A solution  of  1, 1-din itrebutane  (l4,8  g»,  0.10  mole)  and 
methyl  propiolate  (9.0  g. # 0.11  mole)  in  anhydrous  to  -ahydrofuran 
(70  ml.)  was  placed  in  an  Erlenasyer  flask  equipped  vita  a magnetic 
stirrer#  drying  tube  and  ice  bath.  Triton  E (4  ml.,  35#  in  methanol) 
was  added  in  small  amounts  to  the  stirred  mixture  over  the  couree  of 
one  hour  (Caution  - The  reaction  mixture  may  fume  off  if  the  base  is 
addod  too  rapidly).  The  mixture  was  then  allowed  to  come  to  room 
temperature  over  the  course  of  tvo  hours.  The  dark-red  solution  was 
then  washed  until  acidic  vith  a saturated  sodium  chloride  solution 
containing  a few  drops  of  concentrated  hydrochloric  acid.  The 
tetrahydrofuran  was  removed  under  vacuum;  the  residue  vas  then  dissolved 
in  ether.  The  ether  solution  was  extracted  several  times  with  aqueous 
potassium  hydroxide  (5$)  and  then  vith  hydrochloric  acid  (0.1  N)  until 
the  ether  layer  was  acidic.  After  the  extract  was  dried  over  calcium 
chloride  and  vacuum  distilled#  there  remained  a slightly  yellow  oil, 
nearly  pure  mexiiyl  4#4-dinitro-2-heptenoat©;  17.5  g.#  75.5$  yield, 

njj  1.4728.  This  product  was  then  purified  by  molecular  distillation 


to  give  pure,  nearly  colorless  methyl^4#4-dinitro-2-heptenoate, 
14.68  g.#  63.3$  yield#  n|°  1.4721,  d|°  1.242#  MI^  (calc.)  52,12, 
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MBj)  (found)  52.36. 

Anal.  Calc,  for  CBH12^>0«s  C, -41,38;  B,  5.21;  N,  12.07 

Found:  C,  41.83;  H,  4.92;  R,  11.95 

7.  KE1VJTTCN  OF  METHYL  4,4-rmTRCBOTYPATF  AND  METHYL  PROPITIATE; 

METHYL  QO  BraiTRO-2-HEFTENELTOATE  ( Tent . ) *" 

BonsyltrioethylLejMsonluifi  hydroxide  (Triton  B,  10  ml.,  35$  in 
methanol)  wbb  added  in  portions  to  a solution  of  methyl  propiolate 
(5*5  g.,  O.065  moles)  and  methyl  4,4-dinitrobutyrste  (9.6  g., 

0.050  moles)  in  methanol  (60  ml,).  The  reaction  mixture  vas  allowed  to 
warm  to  room  temperature  overnight  and  then  poured  into  cold  hydrochloric 
acid  (l  K).  The  mirture  vas  extracted  vith  ethyl  ether;  the  combined 
ether  extracts  were  dried  over  calcium  chloride  and  distilled. 

Molecular  distillation  of  the  yellow  liquid  distillation  ib3idue 
^*^J*‘*  crude  yield,  , 1.4672)  gave  methyl  4 ,4-disitro-2- 
hegtonedioate  as  a pole  yellow  liquid  (5.0  g.,~38$  yield); 

% 1.4560,  d|°  1.295,  MR20  (calc.)  57.84,  MR^°(founfi)  57.98. 

8.  REDACTION  OF  2-NITRQ-l-BIHSKE  WITH  UT5IW  B6B0HTEBX0E; 

2-KITRQBUTAKB , 3-KCTgTL- 3. 5-DIKITROHFPTARF  y Tent. ) 

Procedure  1 - A solution  of  2-nitro-l-butene  (15.2  g. , 0.15  able)  in 
ethyl  ether  (25  ml.)  was  added  dropviae  in  3 hourB  to  a stirred  suspension 
of  lithium  borohydride  (1.72  g.,  0.075  mole  + 5$)  in  ethyl  ether 
(125  mW).  and  tetra hydrofurs n (50  ml.  ) contained  in  a 500  ml. , three- 
necked flask  equipped  with  a stirrer,  a dropping  funnel,  a thermometer 
and  a drying  tubs.  Earing  addition  the  reaction  mixture  vas  kept  Bt 
-68  to  -70°;  after  addition  vas  completed  the  mixture  vas  stirred  far 
2.5  hours  at  -70°.  The  mixture  vas  then  acidified  in  one  hour  at  0° 
vith  urea-acetic  acid  solution  (75  ml.).  The  mixture  vas  transferred 
to  a separatory  funnel  and  saturated  vith  sodium  chloride;  the  aqueous 
layer  was  separated  and  extracted  vith  ethyl  ether  (100  ml.).  The  ether 
extract  vas  vsehed  vith  saturated  sodium  bicarbonate  solution  (2  x 
200  ml.)  and  dried  over  anhydrous  sodium  sulfate.  After  removal  of  the 
sodium  sulfate  by  filtration  and  removal  of  the  solvent  on  a steam  bath, 
distillation  of  the  product  gave:  (a)  2-nitrobutane  (9.17  g«*  0.089 
mole,  53.3$)  as  a colorlese  liquid,  b.p.  67-70°  (80  nm. ),  n£°  1.405&  - 
1.4098,  d|°  0.968;  MR^  (caicd.)  26.33,  MRj,  (found)  26.30;  lit.7 
b.p.  140°a,  dgo  0.968,  n|°  1.4036,  (b)  3-methyl- 3, 5-2 iaitroheptane  (tent.) 
(2.16  g.,  0,0106  mole,  14,5-4),  b.p,  72-92°  (l.4  mm.),  n2®  1.4564,  and 
(c)  a brown  residue  (1.4  g.). 

The  structure  of  2-nitrobutane  vas  proven  by  its  conversion  to 
methyl  euhyl  Vvy:ne  via  the  Ref  reaction'1  followed  by  preparation  of 
methyl  ernyl  V.f  ::one  2 i1— dlnltrophenylh.vdrazon<-  . sup.  115-116.5°°  The 
melting  point  cf  the  derivative  was  not  depressed  when  mixed  vith  an 
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Ad  infrared  spectrum  of  the  2-nitrobufane  (sandwich  cell)  contained 
e strong  band  for  the  rsonouitro  (6.4  microns)  group  and  no  bands  Tor 
a carbonyl  group  { 5 , 7 microns),  a monocitro  group  attached  to  an  unsaturated 
carbon  atom  (6.5  microns)  or  a carbon-carbon  double  bond  (6.0  microns), 


9.  gEjucTroi^oK  l-NiTTOPKcrns  wits  tiT>rTJH  goaoBTreroS; 

I-?fcT\0?PXii7.;7E,  g 3dfiHiV.-l«  l^ent  .T 

A solution  of  1-oitropropene  (15.2  gi?  0.175  mole)  in  ethyl  ether 
(25  ml.)  was  added  dropvise  in  3 hours  to  a stirred  suspension  of 
lithium  borohydride  (l.92  g-,  0.088  mole)  in  ethyl  ether  (175  ml.) 
contained  in  a 500  ml.,  three -necked  flask  equipped  with  a stirrer,  a 
dropping  funnel,  a therxometer  and  a drying  tube , larri.ng  addition  the 
reaction  mixture  was  kept  "st  -70°  i 1°}  after  etiditiou  vas  completes 
the  mixture  was  stirred  for  2 hours  at  -?0°,  _ The  :ad xture : was  then 
acidified  in  labour  at  0°  with  urea-aeaticaci<3  solution:  (l40  ml.)  ^ The 
mixture  vas  transferred  to  a separatory  funnel  nnd  saturated  with 
sodium  chloride;  the  aqueous  layer  was  separated  and  extracted  with 
ethyl  ether  (100  ml.).  The  combined  ether  extract  was  washed  with 


saxurateo.  3 odium  bicarbonate  Golutior,  (2  x 200  si.)  and  dried  over 
anhydrous  rodiu!  1 auifuta.  After  removal  of  the  sodium  sulfate  by  filtration 
and  c oncer vrati.cn  of  the  filtrate  on  a steam  bith,  distillation  gave: 

(a)  1— nit.vcpropur.e  (7*77  g.  - O.Q873jnole,  49.9$)  as  a colorless  liquid, 
b.p.  65-69 r 5°  (100  *immi  n|C  1.4035-1.4045,  a|g  0.99%  (calcd.) 

21.68,  MRj,  (found)  22.12;  lit.  8 b.p.  132°,  d|g  1.003,  1.4015, 

(b)  2 -methyl-1. 3* dinitropetftaneO tent. ) (0.37  g.,  0.0021  aoleJ— 2.4^) 

as  a yellow  liquid,  b>p.  -caiCiqj?  (i  am.),  n|g  1*4577  and  jC«4E»  brow* 
residue  (0.9  g.). 


The  structure  of  1-c itropr opane ,wa s proven  by  xts  conversion  to 
prcpionaldehyde  via  the  Hef  reaction^  ^followed  by  preparation  of 
propiona I-'.ohyd;j  g^-d^.nitrophccylhyiraj^ru^  m.p.  153  >5-1553?*  The 
melting  point  of  the  derivative  was  not  depressed  when  mixed  with  au 
authentic  sample. 

An  infrared  spectrum  of  the  l-nitropropanc  (sandwich  cell)  contained 
a strong  band  for  the  mcnonitro  (6.4  pdcrous)  group  and  no  bands  for  8 
carbonyl  group  (5-7  microns),  a aononitro  group  attached  to  an 
unaaturated  carbon  atom  (6.5  microns)  or  a carbon-carbon  double  bond 
(6.0  microns). 

Procedure  2 - The  experiment  was  conducted  as  above  except  0,86  g., 

0.0375  mole  of  lithium  berohydride  was  used.  Distillation  of  the  product 
gave:  (a ) 2-niv.j c-l-butane  ( 3.66  g,,  ‘0.0356  ®*r?3T?i>)  and  2-nibrobutane 
{6.03  g-;  0,0583  mole,  391&)  as  a mixture  (analyzed  by  refractive  index), 
b.p.  53-70°  (8?  -33  mm.},  (b)  crude  3-methyl-3, 5- dinitroheptene  (teat.) 

(1.41  g.,  0.006?  sole,  9.216),  b.p,  55-92°  (1.3  mm  J,  n§°  1.4525,  and 
(c)  a brovn  residue  (i  8 g.) , 
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Procedure  5 - Use  experiment  vas  conducted  as  above  (Procedure  j) 
except  the  ^-citro-l-butene  solution  was  added  to  lithium  bore-hydride 
(0.86  g.,  0.0375  m61e)  in  1.5  hours.  During  addition  the  mixture  vas 
kept  at  -1  to  after  addition  vas  completed  the  mixture  vas  stirred 
for  1 hour  at  0 . Distillation  of  the  product  gave?  (a)  2-nitro-l- 
butene  (5.07  g.,  0.0304  saole,  !£0.3$}  and  2-nitrobutsne  (2.50  g*, 

0*02l3  mole,  16.2$)  as  a mixture  (analysis  by  refractive  index!,  b.p. 
60-70°  (80  222,),  (b)  3-methyl-'3,5-dinitrckeptf!ne  (tent.)  (3.49  g.» 

0,0171  mole,  22.8$),  b.p.  96-98°  (1.3  nan*),  ng°  1.459b, and  (c)  a brown 
residue  (2.4  g.). 

Procedure  4 - The  experiment  vpa  conducted  a a above  (Procedure  l) 
except  the  2-nitro-l-butene  solution  vas  added  to  the  lithium  borbhydride 
(0,86  g.,  ^'.0375  mole)  in  50  minutes.  During  addition  the  reaction 
mixture  vas  kept  at  -50  to  -55°t  after  addition  was  completed  the  mixture 
vas  stirred  for  15  min.  at  -55°»  The  combined  ether  extract  vse  also 
washed  with  saturated  sodium  bisulfite  solution  ( 3 x 200  ml.,  5 minutes 
vith  each  portion).  Distillation  of  the  product  gave:,  (a)  2-nitro-l- 
butene  (0.78  g.,  0.0077  mole,  5*13^)  and  2-nitrbbutane  (3.72  g., 

0.0361  mole,  2k$)  as  a mixture  (analysis  by  refractive  index),  b.p. 

63» 70°  (80  me.),  (b)  3-methyl-3,5-dinitroheptane  (tent.)  (0.88  g., 

0*00432  mole,  5-76$),  b.p,  89-91.5°  (1.2  mrr.),  n£c  1.4503,  and  ic) 
a black  residue  (0.5  g,). 

10.  REDUCTION  OF  OMESA-KETROSTTKENE  WITH  LITHIUM  BOPCHTDRIDE } 
2-PPanrL-l-OTTR05THAHE . 


A solution  of  omega -nltrostyreoe( 14,9  g.,  0.1  mole)  in  ethyl  ether 
(75  ml*)  and  tetrahydrofuran  (25  ml.)  vas  added  dropviae  in  3 hours  to 
a stirred  suspension  of  lithium  borchydride  (1,1  g.,  0.05  mole)  in 
ethyl  ether  (125  ml.)  end  tetrahydrofuran  (56  ml.)  contained  in  a 
500  ml.,  round-bottomed,  throe-necked  flask  equipped  vith  a stirrer,  a 
dropping  funnel,  a thermometer,  and  a drying  tube.  During  addition  the 
reaction  mixture  vas  kept  at  -70  to  -72°j  after  addition  vas  completed 
the  mixture  was  varmed  to  -15°J  suddenly  the  temperature  rose  to  +18° 


and  the  mixture  turned  from  an  opaque  yellcv  to  a vbite  color.  The 
mixture  vas  then  cooled  to  0°  and  acidified  in  55  minutes  at  0°  vith 
urea-acetic  acid  solution  (90  ml.).  The  mixture  vas  transferred  to  a 
separatory  funnel  and  saturated  vith  sodium  chloride;  the  aqueous  layer 
vas  separated  and  extracted  vith  ethyl  ether  (TOO  ml.).  The  combined 
ether  extract  vas  washed  vith  saturated  sodium  bicarbonate  eolation 
(2  x 200  ml.)  and  dried  over  anhydrous  sodium  sulfate.  After  removal 
of  the  scdiiaa  sulfate  by  filtration  and  concentration  of  the  filtrate 
on  a steam  bath,  distillation  gave:  (a)  2-phonyl-l-nitroethane  (8.36  g,. 
0,0553  mole,  55.3$)  as  a colorless  liquid,  b.p.  80-85.5°  (0.8  - 1.2  ma.), 
1.5291  ~ 1.5296;  rediet illation  of  this  fraction  gives  very  pure 
2-j3hftay1-l-nitroethane  in  slightly  lover  yield,  b.p.  68.5-70.8°  (0.4  mm.), 
nD°  Jl*5590-1«5296,  1.1225;  MRn  (ealed.)  41.37,  MRt^  (found)  4i.^2; 

lit.98  b.p.  126-135°  (14  mm.);  litt9b  b.p.  249-251°  (763  nn.);  lit.9c 
125-135°  (1  mm.),  end  (b)  a yellow  residue  (5.7  g.)  which  will  be  invest!- 
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The  structure  of  P-phenyl-l-nitroethants  vas  proven  by  its  conversion 
to  phenylacetsidehyde  via  the  Nef  reaction  ■"  followed  by  preparation 
of  phenylacetaldehyde  2.4- dinitrcphenylhydrazohe,  o.p.  123, 5-124..  5°. 
The'ffleltin'g  point  of  the  "derivative  was  net  depressed  when  mixed  with 
an  authentic  sample. 

An  infrared  spectrum  of  the  2-phenyi-l-nitrcethane  (sandwich  cell) 
contained  strong  bands  for  the  mononitro  (6,4  microns)  group  and  a 
mono— substituted  benzene  rieg  (13*3  and  14.35  microns). 

11.  REDUCTION  OF  2 -Nmo-l -BUTENE  WITH  SODIUM  TRlMUTgOXYBOPCETDPIDE; 

2-NITnGBfft'AKE , 5-fcSTHYL-  3 , 5-DIN ITF-OgEPTANE . 

Procedure  1 - A solution  of  2-uitro-l-butene  (15.2  g.,  O.15  mole)  in 
ethyl  ether  (25  ml.)  was  added  dropviso  in  70  minutes  to  a stirred 
suspension  of  sodium  trimethoxybbrohydride  (28.8  g.,  0,15  acle  plue 
50$  excess)  in  ethyl  ether  (125  ml.)  and  tetrahydrofuran  (50  ml.) 
contained  in  a 500  ml.,  three-necked  flask  equipped  with  a stirrer, 
a dropping  funnel,  a thermcareter  and  a drying  tube.  During  addition 
the  reaction  mixture  was  kept  at  -60  to  -65°;  after  addition  was  completed, 
the  mixture  was  stirred  for  30  minutes  at  -65°.  The  mixture  wae  then 
acidified  in  one  hour  at  0°  with  urea-acetic  acid  solution  (100  ml.). 

The  mixture  was  transferred  to  a separatory  funnel  and  saturated  with 
sodium  chloride)  the  aqueous  layer  vas  separated  and  extracted  with 
ethyl  ether  (100  ml.).  The  combined  ether  extract  vas  washed  with  saturated 
sodium  bicarbonate  solution  (2  x 200  ml.)  and  dried  over  anhydrous  sodium 
sulfate.  After  removal  of  the  sodium  sulfate  by  filtration  and  evaporation 
of  the  solvent  on  a steam  bath,  distillation  of  the  product  gave! 

(a)  2-nitrohutane  (6.95,8./  0.0675  mole,  45$)  as  a colorless  liquid, 
b.p.  60-70°  (80  can.),  o^0  1.4048-1.4050.  d§g  0.9652)  MRD  (ealed.)  26.33, 

MRp  (found)  26.19)  lit.T  b.p.  140°,  dfg  0.968,  no  1.4036,  and  (b) 

3-methyl- 3, 5-dlnltroheptane  (5.34  g,,  0.0262  mole,  35$)/  b.p.  86-90° 

(0.5  mm.),  ngu  1.4568-1.4577}  redistillation  of  this  fraction  gives 
very  pure  3-methyl- 3. 5-din it roheptane  in  slightly  lower  yield,  b.p. 

92-94v-  (0.6  mm.^,  n^  1*4582,  and  (c)  a residue  (1.3  g. ).  The  3-methyl- 
3,5-dinitroheptane  was  analyzed. 

Anal.  Calcd.  for  CgHielfeO*:  C,  47.05}  H,  7.90;  N,  13.70. 

Found:  C,  47.98)  E,  7.3o>  N,  13.07. 

Another  sample  will  be  analyzed. 

The  structure  of  2-nitrobutane  was  proven  by  its  conversion  to 
methyl  ethyl  ketone  via  the  Nef  reaction^  followed  by  preparation  of 
methyl  ethyl  ketone  2,4-dinitrophecylhydrazope,  m.p.  113.5-114°.  The 
melting  point  of  the  derivative  was  not  depressed  vheu  mixed  with  an 
authentic  sample. 
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A derivative  of  V®^thyl-  3>  5-din  it  rohept  ^ne  was  prepared  by 
it a conversion  tc  >-methyi-3-nitro-3-heptanone  via  the  Fof  reaction 
followed  by  preparation  of  3-&ethyl~3-nitro-5-ha,Dtanon£  2 , 4-diEltro- 
phenylhydra a one , cup,  13i.5-*132.5". 


Anal.  Calcd.  for  Cx'4HibS508s  C,  47.59;  3,  5.42;  N,  19.82. 

Found:  C,  47.48>  H,  5.29;  N,  19.96. 


An  infrared  spectrum  of  the  2-nitrobutane  (sandwich  cell)  contained 
only  a strong  oand  for  a mououitro  group  (6.**  microns ) . An  infrared 
spectrum  of  the  3-methyl- 3,  5-dioifrcheptane  contained  a strong  band 
for  a mononitro  group  (6.4  microns)  and  a very  weak  band  for  a 
carbonyl  group  (5.8  microns). 


Procedure  2 - The  experiment  was  conducted  as  above  except  2-nitro- 
1-butene  (12.1  g.,  0.12  mole)  was  added  to  sodium  triaethaxyhrarohydride 
(l6.9  g.,  0.12  mole  + 10%)  in  70  minutes  at  -55  to  -60°;  after  addition 
was  completed  the  mixture  was  Stirred  for  30  minutes  at  -60°,  The 
other  extract  was  also  washed  With  saturated  sodium  bisulfite  solution 
(3  x 150  ml.).  Distillation  of  the  product  gave:  (a)  2-nitrobutane 
{3.67  g.,  0.0357  mole,  29. 7$)  as  a colorless  liquid,  b.p.  44-62° 

(60  mm.).  Op®  1.4047-1.4055,  (h)  3-methyl- 3,  5-dinitrobeptana  (5.65  g., 
0.0277  mole,  46.2%)  as  a yellow  liquid,  b.p.  99-100°  (l  jam.),  r^0  1.4559*. 
1.4580^_and  (c)  a residue  (l.l  g.). 

Procedure  3 - The  experiment  was  conducted  as  previously  (Procedure  l) 
except  the  2-nitro-l-butene  was  added  dropwise  in  1,5  hours  to  sodium 
trimethoxyborohydride  (21.1  g.,  0.15  mole  + 10%  exceea).  During 
addition  the  reaction  mixture  was  kept  at  -1  to  -2°;  aftei  addition  vis 
completed  the  mixture  was  stirred  for  1.5  hours  at  0°.  The  ether 
extract  was  also  washed  with  sodium  bisulfite  solution  (3  x 150  ml.) 
Distillation  of  the  product  gave:  (a)  2-nitrobutane  (1.42  g.,  O.OI38 
mole,  9.2%)  as  a pale  yellow  liquid,  b.p.  45  53°^(50  mm.), 

n§°  1.4048-1. 4o6l,  (b)  3-aethyl-3j  5-dlnitroheptane  (0.77  g., 

0. OO377  mole,  5.03%)  as  an  amber  liquid,  b.p.  40-90°  (0.6  mm.), 
nj)°  1.4570  and  (c)  a residue  (l0,4l  g.). 

12.  REDUCTION  OF  l-FTfSOEROPENE  WITH  SODIUM  TRIMETHOrfBOPOHYDRIDE : 
1-HITRQPBOPAHE,  2 -METHYL-  lT^IFI^OFENTAKE  TTentTTI 

A solution  of  1-nitropropene  (15.2  g.,  0.175  mole)  in  ethyl  ether 
(25  ml.)  was  added  dropwiss  in  70  minutes  to  a stirred  suspension  of 
sodium  trimethoxyborofcydride  (33.58  g»,  0.175  mole  + 50%  excess)  in 
ethyl  ether  (150  ml.)  end  tetrahydrofuran  (50  ml.).  During  addition 
the  reaction  mixture  was  kept  at  -70°  + l°f  after  addition  was  completed 
the  mixture  was  stirred  for  30  minutes  at  -72°.  The  mixture  vas  then 
acidified  in  1 hour  at  0°  with  urea-acetic  acid  solution  (100  ml.). 
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The*  mixture  vas  saturated  with  sodium  chloride;  the  squeoua  layer  was 
separated  and  extracted  vith  ethyl  ether  (100  nil.).  The  combined 
ether  extract  vsa  vashed  vith  saturated  sodium  bicarbonate  solution 
(2  x 200  ml.)  and  dried  over  anhydrous  sodium  sulfate.  After  removal 
of  the  sodium  sulfate  by  filtration,  distillation  gave^  after  removal  of 
ether:  (a)  1-nitropropane  (12.73  g.,  0,143  mole,  81/1$)  as  a colorless 
liquid,  b.p.  40-72°  (100  mm.),  n20  1.4025-3^4046,  d^g  1.0006; 

KFd  (calcd.)  21.66,  MRp  (found)  21.96;  lit.  b.p.  132°,  d|~  1.003, 

or  1.4015,  (b)  2-methyl-l, 3-dinitropentane  (tent.)(l,75  g.,  0.00994  mole, 
11.4$)  as  a yellow  liquid,  b.p.  105-108.5°  (2  mm,),  n“  1.4563,  end  (c) 
residue  (0.9  g.). 


The  structure  of  1-nitropropsne  was  proven  by  its  conversion  to 
propionaldehyde  via  the  Nef  reaction  ^ followed  by  preparation  of 
proplosa ldehyde  2,4-dlnitropbenylfcydrazooe,  o.p.  153-1550*  The  melting 
point  of  the  derivative  was  not  depressed  vhen  mixed  vith  an  authentic 
sample. 

An  infrared  spectrum  of  the  1-nitropropane  (sandvich  cell)  contained 
a strong  band  for  the  mononitro  (6.4  microns)  group  and  no  bands  for 
a carbonyl  group  (5.7  microns),  a moninitro  group  atteched  i*  un- 
saturated carbon  atom  (6.5  microns)  or  e carbon-carbon  double  c; 

(6.0  microns). 

13.  REDUCTION  OF  2-NITR0-2-2CTENE  WITS  SODKM  'I’RIMETHOXYBOPOHTIlBIIE j 
2-NITROBUTANE , 3^>DIHETm^2,U5lNI-I!ROHE3CANE  (Tent.). 

Procedure  1 - A solution  of  2-nitro~2-butene  (15.2  g.,  0.15  mole)  in 
ethyl  ether  (25  ml.)  vas  added  dropwlae  in  65  minutes  to  a stirred 
suspension  of  sodium  trioethoxyborohydride  (28.6  g.,  0.15  mole,  + 50$ 
excess)  in  ethyl  ether  (150  ml.)  and  tetrahydrofuran  (50  ml.).  During 
addition  the  reaction  mixture  vas  kept  at  -70°;  after  addition  vas 
completed  the  mixture  vas  stirred  for  35  minutes  at  -70°.  The  mixture 
vas  then  warmed  to  ca.  -20°;  suddenly  a grey  precipitate  separated  and 
the  temperature  rose  to  ca.  + 20°.  The  mixture  vas  cooled  to  0°  and 
acidified  in  1.5  hcur9  at  0°  vith  urea-acetic  acid  solution  (100  ml.). 

The  mixture  vas  transferred  to  a separatory  funnel  and  saturated  vith 
sodium  chloride;  the  aqueous  lay?-  vas  separated  and  extracted  with 
ethyl  ether  (100  ml.).  The  combined  ether  extract  vas  vashed  vith 
saturated  sodium  bicarbonate  solution  (2  x 200  ml.)  and  dried  over 
anhydrous  sodium  sulfate.  The  sodium  sulfate  vas  removed  by  filtration; 
distillation  gave:  (a)  2-nitrobutane  (9.49  g.,  0.0939  mole,  62.6$)  as 
a colorless  liquid,  b.p.  70-73°  (80  mm.),  n|°  1,4038-1.4057,  d|$  0.9674; 

MRt)  (calcd.)  26.33,  MRd  (found)  26.13;  lit.  7 b.p.  140°,  df§  0.968, 

Up  1.4036,  (b)  3,4-dimethyl-2,4-diiiltrohaxane  (tent.)  (1.74  g., 

O.OO85  mole,  11.4$)  as  a green  liquid,  b.p.  111-112°  (1.3  mm.), 

n^°  1.4642-1.4647,  and  (c)  a residue  (0.8  g.), 
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The  structure  of  2-ritrobutane  was  ptovqb  fey  its  convert?  ion  to 
methyl  ethyl  ketone  via  the  Naf  reaction  > followed  by  preparation  of 
methyl  ethyl  ketone  2 , 4 - d i n 1 1 r op  he n y Ihyd ra z on e , a.p.  115-116.?°.  The 
melting  point  of  the  derivative  vaa  not  depressed  when  mixed  with  an 
authentic  sample. 

An  infrared  spectrum  of  the  2-citrobutane  (sandwich  cell)  contained 
a strong  band  for  the  reononitrc  (6.4  microns)  group  end  no  bands  for 
a carbonyl  group  (5.7  microns),  a moninitro  group  attached  to  an 
unsaturated  carbon  a tow  (6.5  microns)  or  a carbon-carbon  double  bond 
(6.0  microns). 

Procedure  2 - The  experiment  was  conducted  as  previously  except  the 
bodium  trimethoxytorohydrlde  vaa  suspended  in  200  ml.  of  ethyl  ether. 

The  same  rapid  rise  in  temperature  vaa  noted  when  the  reaction  mixture 
was  warmed  to  -30°,  Distillation  of  the  product  gave:  (a)  2-nitro-2- 
butane  (5.19  g»,  0,0315  mole,  2.10  end  2-nitrobutane  (9.72  g.,  0.0942 
mole,  62.8$)  as  a mixture  (analysis  by  refractive  index),  fe.p,  72.5- 
78°  (80  mm,),  and  (b)  a residue  (0;5  g,)» 

Procedure  3 - The  experiment  was  conducted  as  previously  (Procedure  l) 
except  the  sodium  trimethoxybcrohydride  was  suspended  In  200  ml.  of 
ethyl  ether.  The  olefin  was  added  is  75  minutes  and  after  addition 
was  bcapleted  the  mixture  vaa  stirred  for  125  minutes.  The  same  rapid 
temperature  rise  was  noted  vheo  tho  reaction  mixture  was  warmed  to 
-30°.  Distillation  of  the  product  gave j (&)  2--nitro~2-butene  (2.5?g*> 
0.0251  mole,  16-7$)  end  2-nitrobutane  (9.56  g._«  0.0928  mole,  &U90  as 
a mixture  fanalw.ia  by  refractive  index),  b.p.  72-80°  (80  mm.), Hand 
(b)  a residue  (0.6  g«U. 

14.  REACTION  OF  qgC-A-NITBOSTYEENE  WITH  SCPILvi  TRIMKTaOXYBOBOHTDEIDE . 

A solution  of  onega-sitroatyrene  (14.9  g.,  0.1  mole)  in  ether 
(75  ml.)  was  added  dropviee  in  15  hours  to  a stirred  suspension  of 
sodium  i ri.n5“>thoxyborc','ydride  (l4.1  g,,  0,1  mole  + 10$  excess)  in  ethyl 
eibrr  (12 5 ml.)  and  tatrahydeofursu  (50  sl«).  During  addition  the 
reaction  mixture  vas  kept  at  -2  to  -3°;  after  additl&n  vae  completed  the 
mixture  wae  stirred  for  1.5  hours  at  0°.  The  fixture  was  then  acidified 
in  ecs  c'nir  at  0°  with  urea-acetic  acid  solution  (60  ml,).  The  ether 
phase  contained  a white  solid.  The  mixture  was  saturated  with  sodium 
chloride},  the  aqueous  layer  vas  separated  and  extracted  with  ethyl 
ethor  ( 100  ml.)  The  white  solid  was  filtered  from  the  combined  ether 
extract  and  air  dried  to  constant  weight  (13-2  g,))  the  filtrate  vaa 
washed  wvfch  saturated  sodium  bicarbonate  solution  (2  x 20G  ml.)  and 
saturated  aodiu-i  bisulfite  solution  (3  x 150  ml.,).  The  ether  layer 
tab  dried  over  anhydrous  sodium  sulfate  and  then  evaporated)  no  residue 
was  obtained. 

The  following  tests  were  made  on  the  vhite  solid  isolated  from 
the  reduction  reaction: 
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(1)  The  white  solid  (l  g.)  was  refluxsd  for  2 hours  with  1:1 
hydrochloric  acid  (20  ml.);  the  solid  was  recovered  unchanged. 

(2)  A mixture  of  potassium  hydroxide  (2  g.)  and  the  reduction 
product  (l  g.)  in  ethyl  alcohol  (25  ml.)  and  water  (25  ml.)  was  heated 
on  a steam  bath  for  5 minutes.  The  white  solid  dissolved  producing  a 
darK  red  solution;  a small  amouDt  of  charred  material  Bettled  from 
solution.  Half  of  the  solution  was  acidified  at  0°  -.dth  urea-acetic 
acid  solution  and  then  extracted  with  ethyl  ether-  (50  mlv).  No  residue 
was  obtained  upon  evaporation  of  the  ether  extract.  The  second  half  of 
the  basic  solution  was  dropped  slowly  at  0°  into  50$  sulfuric  acid 
(excess)  (Ref  reaction-'  ),  This  solution  vas  treated  with  2,4-dinitro- 
phenylhydraz ine  solution*  however,  no  derivative  precipitated. 

(5)  An  infrared  spectrum  of  the  white  solid  in  Nujol  contained 
strong  hands  for  a aononitre  group  (6,4  microns)  and  a mono-substituted 
benzene  ring  (15.6  and  14.35  microns). 

(4)  The  product  was  insoluble  in  the  following  solvents  at  their 
boiling  points:  ether,  Skellyeolves,  benzene,  methanol,  ethanol,  water, 
carbon  tetrachloride,  chloroform,  acetone  and  acetic  acid. 

(5)  The  white  solid  (0.75  g.)  was  dissolved  in  hot  aqueous  sodium 
hydroxide  (0,025  gram  in  5 ml,).  The  red  solution  was  cooled  and  added 
dropwise  to  aqueous  sodium  permanganate -3HaO  (l.4  g.  in  25  ml.).  The 
mixture  was  heated  on  a steam  bath  until  moat  of  the  permanganate 
color  was  gone.  The  mixture  was  then  cooled  in  ice  and  made  strongly 
acid;  manganese  dioxide  was  dissolved  by  adding  sodium  biBulflte 
(solid).  Ufote:  Since  sodium  bisulfite  is  basic,  sufficient  acid  must 
be  present  to  generate  -CQ0H  from  -C00*  ion).  The  white  solid  present 
was  contaminated  with  charred  material.  The  mixture  was  filtered  an S 
the  solid  was  dissolved  in  sodium  hydroxide  solution,  filtered  from 
charred  material,  and  re precipitated  by  adding  dilute  hydrochloric 
acid.  The  solid,  benzoic  acid,  was  filtered  and  recrystallized  from  hot 
water,  m.p.  118-120°.  No  depression  in  melting  poiDt  was  observed 
when  the  oxidised  product  was  mixed  with  an  authentic  sample  of  benzoic 
acid. 

(6)  The  white  solid  was  analyzed:  Anal;  C,  64.05,  64.21; 

B,  4.94,  5,01;  N,  9.28,  9,24.  The  product  from  a condensation  of 
omega -nitroatyrene  with  2-phenyl-l-nitroethane  , 2,4-diphenyl-l,3~ 
dinitrobutane ,has  the  following  analysis:  C,  63.99;  H,  5.37;  N,  9-53. 

15.  OZIDAT^VB-WITRATIW  OF  5-NITRO-l-PBOPAKOL . 3, 3-DINITP0-1-FB0PAK0L. 

(a)  3-Nltro-l-propanol.  Silver  nitrite  (73  g.,  0,51  mo?e)  was 
introduced  into  a 500  ml.  round-bottomed  flask  equipped  with  a condenser, 
a stirrer  and  a dropping  funnel.  The  flask  was  cooled  to^0°  and  trimethy 
ene  bromohydrin  (66  g.,  0.43  mole,  b.p.  6O-650  (5  mm.),  vlfp  1.4842, 
d^  1.5777,  Columbia  Organic  Chemicals)  was  added  dropwise  in  the  course 
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of  one  hour  with  continuous  stirring.  The  stirring  at  0 was  continued 
for  4 hours,  after  which  the  mixture  was  brought  to  room  temperature 
and  left  overnight.  The  reaction  mixture  was  warmed  gently  ( 50°)  for 
4 hours  ( higher  temperature  resulted  in  evolution,  of  brown  fumes ; . ~ Ethyl 
ether  (ICO  mlf)  was  then  added;  the  insoluble  silver  bromide  was  filtered 
and  washed  repeatedly  with  ether.  EiatiJ-iation  of  the  filtrate  gave: 
volatile  Fraction  1-  J.O  g.,  b.p.  58-65°  (2  rue.),  n|p  i.423i> 

Fraction  2,  3-5  g..  b.p.  65-80°  (2  mm.);  nfp  1,42-35;  Fraction  3,  13.9  g ., 
b.p.  80-65°  (2  ira.),  n 1.4378,  dj£°  1,1820;  lit.10  b.p.  138-140° 

(32  mm.),  1.773.  Additional  low  boiling  material  (4  g.)  was 

condensed  in  the  trap;  higher  boiling  product  (3  g.)  remained  in  the  pot. 


Crude  3-nitro- 1-propanol  (fraction  3#  b.p.  8O-850  (2  am.), 
n 1.4373,  df°  1,1828)  was  rectified  in  a helJjr-pecked  column  (1.5  x 13  cm.) 
to  give  a product  of  b.p.  62-84°  (3  mm.),  n'p  1.4403. 


(b)  3,3-rinitrc-l-propanol , 3-Nitro-l-propenol  (6.73  g.,  0.045  mole, 
b.p.  6£-84^'T3~ twn. ) , n£p  i.4405)  in  methanol  (50  ml.)  was  slowly  mixed 
with  aqueous  sodium  hydroxide  (2.0  g.,  0.050  mole  in  20  ml.  of  water); 
the  solution  was  allowed  to  stand  for  20  minutes  at  temperatures  below 
15°.  Sodium  nitrite  (3.5  g.,  0.05  mole,  97$  aBsay)  was  added  and  the 
mixture  was  cooled  in  an  ice  bath  and  poured  into  stirred  silver  nitrate 
(15.3  g.,  0.90  mole)  in  water  (35  ml.)  and  ether  (50  ml.)  at  5°.  After 
30  minutes  the  cooling  bath  was  removed;  brine  (5  ml.)  vas  added,  and  the 
mixture  was  filtered  by  suction.  The  silver  deposit  wae  washed  freely 
with  ether;  the  filtrate  was  cepe rated  and  the  aqueous  layer  was  extracted 
with  ether.  The  combined  ether  extract  was  washed  with  saturated  sodium 
chloride  and  water.  Distillation  of  the  dried  filtrate  gave  3,3-dinitro- 
1-propanol  boiling  at  105-106°  (1.5  mm.),  n^p  1.4590.  The  infrared 
spectrogram  of  3, 3-dinitro-l- propanol  (sandwich  cell)  indicated  absorption 
at  3.0  microns  (OH  group)  and  strong  absorption  at  6.3  microns  and 
medium-strong  absorption  at  7.5  microns  in  agreement  with  values  observed 
for  other  gem  dinitrocoopounds . 


Potassium  3,3-dinitro-l-propanol  (O.85  g.,  83.9$  theory)  was  obtained 
as  a yellow  salt  by  treating  3,3-dinitro-l-propanol  (0.710  g.,  0,00675 
mole)  in  methenol  with  oethanolic  potassium  hydroxide  and  washing  the 
filtered  product  several  times  with  methanol.  The  salt,  after  recryetalli- 
zation  from  hot  water,  melted  at  156-162°  (explosion) , 


The  solubility  of  potassium  3, 3-dinitro-l -.propanol  at  25  * 0.01° 
in  water  was  found  to  be  1 part  in  6.62, 

Silver  3,3-dinitro-l-propanol  was  obtained  ns  a water  insoluble 
yellow  solid  on  mixing  aqueous  silver  nitrate  aud  an  aqueous  3olutJ.cn  of 
potassium  3,3-dinitro-l-propanol,  m.p.  140-155°. 
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16,  REACTION  OF  SILVER  1 , 1-TINITRQETEANF  WITS  HETHTL  IODIDE  IN 

ACETONITRILE,  g,2~DINITROPBOPANE. 

Silver  1,1-dinitroethane  (45.4  g.,  0.20  mole;  dried  in  vacuum 
desiccator  at  C.5  mm.  for  2 houra)  vas  dissolved  in  anhydrous  aceto- 
nitrile ( 200  ml.j  heat  of  solution  vas  detected)  in  a dry  flask  which  had 
been  flushed  with  nitrogen.  The  slighrly  murky,  amber  solution  was 
cooled  in  an  ice-wster  mixture  and  stirred  while  methyl  iodide  (35-0  g.> 
0.248  mole;  24$  excess)  vas  added  dropwise  (50  min.).  A grey-white 
precipitate  (silver  iodide)  was  formed  during  the  addition.  The  mixture 
was  then  stirred  at  0-15°  for  3 hours.  The  silver  iodide  was  filtered 
and  then  thoroughly  washed  with  ether.  The  recovery  of  dried  silver 
iodide  was  practically  quantitative  (46.0  g.  recovered;  theoretical 
yield,  46.8  g.).  Traces  of  silver  iodide  settled  from  the  filtrate  when 
ether  waB  added;  the  yellow  filtrate  was  filtered  through  a aintered- 
glass  funnel. 

The  filtrate  was  evaporated  under  reduced  pressure.  A light-red 
residue  remained  which  weighed  23.4  g.  The  product  was  separated  into 
heutrei  and  acidic  fractions  by  the  following  procedure:  The  residue 

was  dissolved  in  ether  and  cashed  with  dilute  sodium  thiosulfate  solution 
to  remove  the  trace  iodine  present.  The  yellow  solution  was  then 
extracted  with  1.2  N sodium  hydroxide  (ca.  0.20  mole);  the  orange 
aqueous  layer  was  immediately  acidified  by  pouring  into  excess  sulfuric 
acid  solution  (ca.  0.25  aole)  covered  with  a layer  of  ether.  The  amber 
acidic  extract  was  dried  with  calcium  chloride  and  saved. 

The  neutral  (ether)  solution  was  dried  over  calcium  chloride. 

The  solution  was  then  filtered  through  calcium  chloride;  the  salt 
residue  was  washed  ''hcroughly  with  ether.  Ether  was  distilled  from  the 
filtrate  at  a reflux  ratio  of  ca.  3:1.  Tho  last  traces  of  solvent  were 
removed  by  passing  a stream  of  dry  air  over  the  surface  of  the  solution 
until  ether  fumes  could  not  be  detected.  The  viscous  yellow  oil 
remaining  weighed  13.87  g.  (51.7$  crude  yield  of  2,2-dlnitropropane). 

A 20$  aliquot  portion  of  the  product  (2.775  g»)  was  chromatographed 
on  a 32  x l8C  am.  column  of  aagnesol-Cellte  (5:l)  in  an  effort  to  separate 
2,2-dinitropropane  from  its  impurities.  The  sample  was  dissolved  in 
Skellysoive  F (100  ml.);  a yellow,  insoluble  residue  weighing  0,195  g. 
remained  (thus  2.58b  ,-r.  of  soluble  material,  essentially  all  2,2-dinitro- 
propane,  was  present).  The  solution  was  placed  on  the  chromatographic 
column  (previously  wet  with  Skellysoive  F);  tha  adsorbate  was  eluted 
with  Skellysoive  F (1200  ml.).  The  solvent  was  removed  by  fractionation; 
a colorless,  oily  residue  remained  which  solidified  to  a white  solid  upon 
being  chilled.  On  being  warmed  to  3?°>  the  solid  melted.  The  oil  was 
vacuum  sublimed  to  give  white,  crystalline  2,2-dinitropropane  (l.07  g.j 
38,6$  of  the  aliquot;  19.6$  overall  yield).  Considerable  loos  of 
material  resulted  in  the  chromatographic  and  sublimation  processes. 
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-The  remaining  oil  (13*67  g.  - 2.775  g.  * 11,095  g.)  vas  dissolved 
in  S kellys 0] ve  F (250  ml.)  to  remove  the  yellow,  gummy,  insoluble 
materiel  (0.66  g.  of  tar  recovered).  The  solvent  vas  removed  by  dis- 
tillation; the  residual  oil  solidified  on  refrigeration,  but  melted^nn 
vermin"  to  roan  temperature  (34°),  Upon  vacuum  sublimation  the  oil 
gave  white,  waxy  2,2-dinitropropene  (8.24  g.j  74.3#  of  the  aliquot; 
39,416  overall  yield),  melting  range  47-51°* 


The  acidic  extract  vas  filtered  through  calcium  chloride,  The 
solvent  vas  removed  at  reduced  pressure  to  give  a residual  oil  weighing 
3,2  g.  So  solid  precipitated  (Kef4  reported  that  ethylnitrollc  acid 
separated  as  a solid  from  the  acidiciractien  at  this  point) . The 
residue  was  dissolved  in  methanol  and  added  slowly  at  0-10°  to  excess 
methanolic  potassium  hydroxide . A bright  yellow  salt,  weighing  3.90  g., 
precipitated  which  is  essentially  pure  potassium  1,1-dinltroethar.e  and 
represents  a recovery  of  12.3#. 

17.  BSACTIOH  0?  SILVER  1 , 1-DIKTTR0ETHANE  WITH  ALLY!  BROMIDE.  4,4- 

DiKirr?o-i-PinyisNE  r- 

Procedure  A:  Silver  l,i-dinitroe thane  (45.4  g.,  0,20  mole)  was 

dissolved  in  anhydrous  acetonitrile  (25  ml.)  at  0-10°.  Allyl  bromide 
(27.0  g.,_0.22  mole)  was  added  dropriae  (1  hour)  at  0*“  to  the  Stirred, 
orange-amber  acetonitrile  solution,  A brownish-grey  precipitate  (silver 
bromide,  contaminated  by  silver  oxide  end/or  other  impurities)  formed 
rapidly.  After  the  mixture  had  been  stirred  at  room  temperature  for 
48  hours,  the  silver  bromide  vas  filtered,.  The  precipitate  was  thoroughly 
washed  with  acetonitrile  and  ether  (the  weight  of  silver  bromide  was 
not  determined).  The  filtrates  were  combined  and  evaporated  at  reduced 
pressure.  The  residue  was  separated  into  acidic  and  neutral  fractions 
as  previously  described  (Experiment  16 )*  The  neutral  fraction  was 
vacuum  distilled  to  give  a greenish  oil  at  0-67°  (4.3  aim.);  ng9.5  1.4541$ 
yield,  7*0 6 g.  (22#).  This  oil  slowly  decolorized  (a)  a solution  of 
bromine  in  carbon  tetrachloride  and  (b)  a solution  of  lithium  permanganate, 
indicating  the  presence  of  a carbon-carbon  double  bond.  The  compound  vas 
net  affected  by  aqueous  sodium  hydroxide.  Infrared  spectra  of  the  crude 
and  redistilled  oil  confirm  the  presence  of  a gem-din it ro  group 
(absorption  bonds  at  6.3,  7.5  and  11,8  mu*s)  and  a carbon-carbon  double 
bond  (bands  at  5*3  • weak  , 6.0  * medium  f 10.0  — strong  and  10.7  microns 
-strong  ; the  latter  two  bands  indicate  that  the  compound  has  a terminal 
double  bond).  Additional  physical  data  (molar  refraction  and  element 
analysis)  establish  the  product  as  4,4-dinitro-l-pentene. 

The  oil  was  redistilled;  h,p.  74-75°  (6.2  mm,);  n£°  1.4535; 

20  ® 
d^Q  1.208;  KBjj  (ealed.)  36.19;  MRD  (found)  35*84,  4,4-Dinitro-l-pentene 

is  a vater-vhite,  slightly  viscous  oil  possessing  a distinct 
camphoraceous  odor. 

Anal.  Calcd.  for  C5Ee«20*:  C,  37.50;  B,  5.04;  N.  17.50. 

Found:  C,  37.64,  37.69;  H,  4.85,  4.69; 

N,  17.30,  17.42. 
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Procedure  B: To  bUtet  1,1-din itrcethane  (45.4  g, , 0.20  mole)  in 
anhydrous  acetonitrile  (600  bL)  was  added  allyl  bromide  (26,0  g., 

0.21  mole,  in  100  ml.  acetonitrile)  at  -40°.  The  reaction  mixture 
ves  pale-yellow  bofov**  and  after  the  addition.  Stirring  at  -30  to  -40° 
was  continued  for  21  hours.-  On  warming  the  mixture  to  room  temperature, 
the  salt  turned  dark  brown  and  the  solution  wee  red.  The  mixture  was 
then  refluxed;  30  ml.  of  distillate  (b.p.  70-75°)  was  collected  in  an 
effort  to  determine  if  any  acrolein  was  formed  in  the  reaction.  A 
negative  2,4-dinitropheoylhydrazine  teat  was  obtained.  The  mixture  was 
cooled  and  filtered ; silver  bromide  (35,6  g,;  theoretical  quantity  is 
37  *-£  g . ) was  recovered.  The ‘usual  solvent  removal  and  separation  of 
acidic  and  neutral  fractions  procedure  was  employed.  The  neutral 
fraction,  on  distillation,  gave  4 , 4-din itro-l-pentene  (7.26  g.,  22,1$  yield). 

Procedure  CT  Allyl  bromide  (27.0  g.,  0.22  mole)  in  anhydrous 
ace tonitrilC  { 100  ml,)  was  added  to  a stirred  solution  of  Oliver 
1,1-dinitrcethane  (45.4  g.,  0.20  mole)  in  acetonitrile  (500  ml.;  this 
solution  was  filtered  before  use)  at  55-60  ouring  1.5  hours.  On  stirring 
and  heating  the  fixture  at  60°,oxides  of  nitrogen  were  evolved.  No 
distillate  was  obtained  under  theoe  conditions;  thus  acrolein  was  not 
formed  at  this  s^-age;  - After  heating  the  mixture  for  three  hoars-it  was 
cooled  and  filtered  to  yield  silver  bromide  ^(quantitative  recovery)  and 
a vine-colored  filtrate.  Acetonitrile  was  removed  at  reduced  pressure; 
on  addition  of  ether  to  the  residue,  a tar  (1.8  g.)  separated.  The 
ether  solution  was  extracted  with  105  al,  of  J2  N sodium  hydroxide.  The 
d€Ber  faction  Jcesetore - 'ti»  yield  4^4-dini^aro- 

1-pentene  (2.S9  g- / $*0j*  yield),  b.p.  68-70°  (4.5  am*). 

Procedure  D;  The  same  proportions  of  reagents  and  the  same 
temperature  conditions  as  reported  in  Procedure  A were  employed.  The 
order  of  addition,  however,  was  reversed,  the  silver  1,1-dinitroethane 
solution  being  added  to  the  ally!  bromide  solution  during  21  hours. 

After  being  stirred  at  room  temperature  for  another  24  bouro,  the 
mixture  was  filtered;  36,5  8.  of  powdery,  dark  silver  bromide  (theoretical 
recovery,  37.6  g . ) Wee obtained . The  isolation  procedure  previously 
described  v&3  employed,  and  6,19  g.  of  4,4* dinitro-l-pentene  (25.6$ 
yield)  was  obtained.  The  distillation  residue  weighed  1.91  g. 


Procedure  S:  The  same  proportions  of  reagents  and  the  same 

temperature  conditions  as  reported  in  Procedure  A -were  employed.  Instead 
of  using  acetonitrile  as  solvent,  however,  heterogeneous  conditions  using 
ethyl  ether  as  diluent  were  employed.  Upon  warming  and  stirring  at 
room  temperature  (26°),  the  reaction  mixture  evolved  heat  (temperature 
increased  slowly  to  51°;  temperature  maintained  at  20-30°  by  external 
cooling).  After  stirring  the  reaction  mixture  for  18  hours,  the  silver 
bromide  was  filtered.  The  filtrate  was  subjected  to  vacuus  distillation 
without  prior  washing  with  base.  The  first  fraction  distilled  at  54-60° 
(2. 5-4. 5 mm.)  and  the  second  fraction  at  99-105°  (1.3-4  mm,).  Violent 
decomposition  of  the  residue  near  the  end  of  the  distillation  completely 
destroyed  the  apparatus.  None  of  the  distilled  material  could  be 


recovered. 
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18.  THF,  REACTION  OF  l-KROHO-  l , 1-DmTKffffraANE  WITH  PIPERIDINE. 

(a)  Preparation  of  l-Broffio-l.l-dinitroethane?  l.i-Binitroetbane 
(42.3  g.,  0.  55  mole)  vas  added  dropwise  to  a stirred  solution  of  sodium 
hydroxide  in  water  (14.6  g.,  0.56  mole,  in  300  ml.  of  water)  at  5°. 

To  the  cold,  aqueous  solution  of  sodium  1*1 -dinitroethane  was  added 
(dropwise;  one  hour)  bromine  (5$  g.>  ca.  0.3 6 mole);  a yellow  oil 
ae narated  during  the  addition.  The  crude  reaction  mixture  was  steem 
distilled;  this  did  not  completely  purify  the  product  because  bromine 
(excess)  also  co-distilled.  The  contaminating  bromine  was  removed  by 
washing  the  product  wits  a dilute  solution  of  sodium  thiosulfate.  The 
aqueouB  material  was  extracted  with  methylene  chloride.  The  combined 
organic  fractions  were  dried  with  calcium  chloride;  tha  solvent  was  then 
removed  nt  reduced  pressure.  The  yellow,  lachrymatory  l-bromo-1,1- 
dlnitroethane  remaining  weighed  62.7  g.  (89.3#  yield).  A portion  of 
this  material  (25.7  g.)  vas  vacuum  distilled;  l-broao-l,l-dinitroetbena 
was  obtained  as  a colorless  oil,  b.p.  49-50°  (4. 7-4. 8 am.);  1.4752- 

1.4763  (4  fractions);  d|g  1.831}  MRB  (calcd.)  30.41}  MRD  (found)  30.64. 

The  recovery  was  24,3  g.  ( 94 . 3%  of  charge}  84 .2 # overall  yield).  The 
bronina  content  was  determined  by  reaction  with  potassium  iodide  and 
by  titration  of  the  liberated  iodine  with  standard  sodium  thiosulfate. 

Anal.  Calcd.  for  CsHsNaO^Er:  Br,  40.16.  Found:  Br,  37.02  (20  min.). 

37.29T20  min.),  37.39  ( 30  min.),  37.81  (30  min.),  58.40  (90  min.), 

38.68  (3.5  hours). 


Time  in  parentheses  refers  to  time  of  shaking  with  potassium 
iodide  before  titration. 


(b)  Enaction  with  Piperidine;  Piperidine  (l7.0  g.,  0.20  mole) 
was  dissolved  in  ethyl  ether T60  ml.)  and  cooled  in  an  ice-water  mixture. 
l-Bromo-l,l-dinitroethane  (19.9  g.,  0.10  nole)  in  ether  (70  ml.)  was 
added  dropwise  (40  min.)  to  the  stirred  piperidine  solution.  The 
solution  immediately  turned  yellow  and  a yellow,  crystalline  solid  soon 
precipitated.-  The  precipitate  was  filtered,  washed  with  several 
portions  of  anhydrous  ether  and  sucked  dry.  Essentially  pure 
piperldinium  1,1-dinitroethan^  (15.2  g.,  64.5#  yield)  was  recovered, 
m.p.  lll-iiWr  Two  recrystallizations  (from  ethanol)  raised  the 
m.p.  to  113-1140}  authentic  piperldinium  1,1-dinitroathane  melts  at 
114. 8-115-5°}  mixed  m.p.  113.5-114.5°.  The  ultraviolet  spectrum  of 
the  authentic  salt  exhibited  a maximum  at  381-582  afu  (Emax  I.658, 

1.640);  the  salt  frco  reaction  of  l-bromo-l,l-dinitroethaoe  and 
piperidine  had  an  absorption  maximum  at  381-382  a fj  ('Saax  1.635*  1.632); 
the  overall  spectra  were  identical. 

The  filtrate,  on  storage  overnight,  yielded  a second  crystalline 
mass  containing  an  ether- insoluble  red  oil.  The  product  vas  purified 
by  adding  absolute  ethanol,  heating  on  the  steam  bath  to  remove  other 
and  to  dissolve  the  oil  and  salt,  and  then  cooling  in  a refrigerator 
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for  several  days.  The  crystal*  vere  filtered,  washed  with 

ethanol-ether  and  ether,  and  dnud.  The  product  was  identified  as 
piper  illinium  bromide:  {8,_3  g.,  50*  of  the  theoretical  yield),  off-white 
series,  ®.p,  240.5-24l.5°.  Evaporation  of  the  filtrate  nearly  to 
dryneas  followed  by  addition  of  ether  (then  ethanol  until  the  red  oil 
all  dissolved)  resulted  in  the  isolation  of  another  2.U  g.  of 
piperidinium  bromide,  m.p.  2LO-2L20..  An  authentic  sample  was  prepared 
from  piperidine  and  hydrogen  bromide.  Both  samples  were  ground  and 
dried  at  1 mm.  and  56°;  ».p.  (authentic  salt)  238.5-239.5°)  m.p. 
(prepared  salt)  239.0-239.5°;  mixed  m.p.  258.5-239.5°. 


The  filtrate  was  evaporated  at  reduced  pressure  to  leave  tarry 
red  oily  residue  containing  crystals  and  weighing  10,3  g.  The  residue 
was  washed  repeatedly  with  water  to  remove  the  soluble  hydrobrooide 
salt*  The  aqueous  solution  was  evaporated  at  reduced  pressure  . 

On  addition  of  ethanol  to  the  residual  oil,  0.51  g.  of  brown  crystals 
were  recovered.  Attempts  to  crystallize  additional  material  from  the 
filtrate  (by  evaporation,  freezing,  addition  of  other)  were  unsuccessful 
only  tars  separated . The  hydrobrooide  content  of  this  mixture  was 
determined  by  dissolving  the  tar  and  ethanolic  solution  in  water  and 
treating  the  mixture  with  excess  aqueous  silver  nitrate.  The  silver 
bromide  recovered  weighed  i.h8  g.  Thus  0.0079  mole. (l. 31  g.)  of 
piperidinium  bromide  was  present  in  the  filtrate.  The  brown  crystals 
were  dissolved  ir.  warm  ethanol  and  reprecipitated  by  addition  of  ether. 
Recovered  0,U3  g.  of  tan  salt,  m.p.  226-233°.  The  total  amount  cf 
piper  Minima  bromide  present  in  the  tarry  residue,  therefore,  was 
1.74-  g.  (10.5*  of  the  theoretical  yield). 

The  products  of  reaction  of  1,1,1-trinitrcethane  and  piperidine 
are  thus  summarized:  piperidinium  1,1-dinitroethane  (64.3*),  piperidinium 
bromide  (74.7*>  12 .4  g.)  and  an  unidentified  residue  (a  polymer 
probebly  composed  of  piperidine  units;  yield  baaed  on  piperidine  29.4*), 


19.  REACTION  CF  1.1, 1-TBmTRO  ETHANE  WITH  GUANIDINE. 

Sodium  etfeexide  was  prepared  from  sodium  (2.76  g.,  0.12  g.-equiv.) 
and  absolute  ethanol  (50  ml.).  To  this  solution  was  added  guanidine 
carbonate  (12.60  g.,  6,07  role,  0,14  equiv.j  ground  in  aortar)  with 
vigorous  stirring  at  room  temperature;  the  walls  cf  the  reaction  flask 
vere  washed  down  with  absolute  ethanol  (20  ml.).  After  15  min.,  the 
suspension  was  cooled  to  0-5°  and  stirred  for  30  mic,.  The  sodium 
carbonate  and  excess  guanidine  carbonate  were  filtered  and  washed  with 
absolute  ethanol  (ca,  50  ml.)  and  then  with  ethanol- ether;  the  washings 
were  combined  with  the  filtrate. 

The  alcoholic  guanidine  solution  was  cooled  to  0-5°  and  l,lrl-tri- 
nitroethane  (8.25  g.,  0.05  mole)  in  absolute  ethanol  (40  ml.)  was 
added  dropwise  with  stirring  (90  min.L  The  mixture  was  stirred  at 
room  temperature  for  10  hours.  The  suspension  was  cooled  to  0°  and 
filtered  to  isolate  the  orange  salt  (9.16  g.)  that  had 
precipitated.  This  salt  van  freed  of  impurities  (guanidinium  nitrite) 
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soluble  in  ethanol  by  suspension  in  9 5i>  alcohol  \35  ml.)  end  than 
refluxing}  the  suspension  was  cooled  to  0-5°,  filtered,  washed  vith 
absolute  ethanol  and  ether,  and  dried.  Pcfcdery,  orange  2 .g-dicitroethyX- 
guanldloe  was  recovered  in  84.8)1  crude  yield  (7.50  6*;*  Ultraviolet 
analysis  of  a 1 x 10~4  M solution  of  this  salt  (in  1C~3  M NaOK)  showed 
it  to  be  68.3 It  Pure  (365  ) 1.435?  c,  0.883  x 10"4  M).  The 

impurity  present  is  presumably  guanidine  carbonate. 


On  standing,  the  filtrats  deposited  a red,  crystalline  salt 
(0.22  g.).  On  the  basia  of  its  ultraviolet  analysis,  this  product 
contains  30. 2,2-dlnitrcethylguanidine}  the  resaining  material  is 
largely  guanidinium  nitrite. 

The  filtrate  was  evaporated  to  dryness  at  reduced  pressure,  A 
gummy,  red  solid  remained.  A homogeneous,  crystalline  salt  could  not 
be  obtained  by  adding  either  ether  or  acetone  to  an  alcohol  solution 
of  the  solid  product.  The  solvents  ware  removed  by  acpiration  at  room 
temperature.  The  gummy  solid  resaining  weighed  7.41  g.  This  was 
stored  in  e vacuum  desiccator  over  Drierite  at  1 twa.  for  three  days. 

The  weight  of  this  product  when  dried  was  7.06  g.  (theoretical  yield 
for  guauldlnlua  nitrite  la  5.50  g, } the  impurities  present  Include 
2,2-dinitreethylguanidine  and  guanidine  as  its  hydrate  or  alcohoiate) . 
Ultraviolet  analysis  of  a 1 x 1C"4  M solution  of  this  product  (in  10-3  m 
HaCH)  indicates  that  2,2-dinitroethylguanidIne  is  present  to  the  extent 
of  9.2-9.71&,  (a  background  absorption  of  0.025  was  observed  (guanidine 
carbonate  in  excess  base  shows  ro  absorption  in  the  500-400  m fj  region)} 
if  this  is  taken  into  account,  the  lower  value  is  more  accurate). 

Identification  of  the  salt  aa  guanidine  nitrite  waa  accomplished  as 
follows: 

(i)  A sample  weighing  0.5026  g.  was  dissolved  in  ethanol-veter 
(10:3  ml.)  and  added  to  a solution  of  picric  acid  (2.2  g. ) in  absolute 
ethanol  (ca.  40  ml.).  The  orange-yellow  picrste  was  filtered,  washed 
with  ethanol  and  ether  and  dried  to  give  guanidine  plcrate  (1.01  g.), 
m.p,  317°  (dec,)}  an  authentic  saapla  melted  at  319-3200  (dec.).  On 

the  basis  of  the  yield  of  guanidine  picrate,  0.207  g.  of  guanidine  was 
present  in  the  sample.  If  it  is  assumed  that  all  of  the  guanidine 
were  present  as  its  nitrite,  the  original  salt  crop  contains  5.25  g. 
of  guanidinium  nitrite  (5.30  g.  * theoretical  yield), 

(II)  On  treating  the  salt  with  acid,  copious  quantities  of  nitrogen 
oxides  v er«  evolved}  the  salt  also  liberated  iodine  from  a solution  of 
potassium  iodide  and  acetic  acid.  A solution  of  1.006  g.  of  the  impure 
salt  in  ca.  40  «i.  of  distilled  water  (pfi  of  solution  • 9.6)  was 
neutralized  with  dilute  nitric  acid  (to  pfi  * 6.9)  to  bind  any  free 
guanidine.  A concentrated  solution  of  silver  nitrate  (3.995  g.  la 
ca,  6 ml.  cf  water)  was  then  added.  The  crude  grey-brown  salt  obtained 
weighed  1.15  g.  (theoretical  yield  of  silver  nitrite  ■ 1.54  g.)  A portion 
of  this  product  (1*05  g.j  waa  recrystallized  upon  heating  in  60  ml.  of 
water  at  60-70°,  filtering,  and  cooling  the  filtrate  to  0°.  The  brown. 
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insoluble  as ter la 1 weighed  0.09  g,  The  remaining  material  silver 
nitrate  (0.9 6 g.),upon  filtration  vae  isolated  an  a powdery  orange 
salt  (0.1?5  3.).  The  salt  gave  a strong  positive  test  for  nitrite  ion 
(iodide  to  iodine  in  acetic  acid  solution). 


The  recovery  of  silver  nitrite,  therefore,  is  6l.7$  of  the  sample 
(not  including  that  soluble  in  the  original  filtrate);  the  amount  of 
guanidiuiua  nitrite  present,  therefore,  is  approximately  4.36  g, 
{82.316  of  theoretical  amount) . The  amount  of  free  guaniaioe  present 
(considering  quantity  of  picrate  obtained)  is  approximately  0.8  g.’ 

The  total  yield  of  2,2-dinitroethylguanidioe  is  72.8$  (64.9  + 1.4  + 

6.5$). 


2 C OXirATTVE-NITMTlOH  OF  CY C 10 PENTY LIT 1 75CK3TH  4NE ; Ti CLP  PENT? UT NifBQ * 

METHANE. 

{&)  0 yc iopcat y Id i n i t r om et ha n e . Cyciopentylnitrcmethane  (9.50  g., 
0.04*  mole,  r.^  1.45^5,  df-°  1.0530,  received  from  Dr.  N.  Komblum, 

Purdue  University)  in  methanol  ( 125  ml.)  was  slowly  mixed  with  aqueous 
sodium  hydroxide  (3.1  g.,  0.078  mole,  97.9$  assay,  in  100  ml,  of  water) 
and  the  solution  was  allowed  to  stand  for  15  minuteB  below  15°.  Sodium 
nitrite  (5.38  g.,  0.078  mole,  97$  assay,  in  5 ml.  of  water)  was  added 
and  the  mixture  was  cooled  in  an  ice-salt  bath  and  poured  into  a stirred 
solution  of  silver  nitrate  (25.5  g.>  0.15  mole,  in  50  ml.  of  water)^ 
aquecue  sodium  hydroxide  (5$,  1 drop)  and  ethyl  ether  (75  ml.)  at  5°. 

After  the  precipitation  of  silver  was  complete,  the  cooling  bath  was 
removed  and  the  mixture  was  elloved  to  stir  for  30  minutes.  Saturated 
sodium  chloride  (5  ml.)  was  added  and  the  mixture  vas  filtered  by 
suction.  Th»  silver  deposit  was  washed  liberally  with  ether;  the  ether 
layer  vae  vaBhed  with  water,  brine  and  dried  with  Drierite.  Distillation 
under  reduced  pressure  (nitrogen  atmosphere)  gave  cyclopentyldlnitro- 
oethane:  6,47  50,9 $ yield,  b.p.  95-96°  (5  mm. ),  n^5ri.4&89’ 

a£u  1.2*73. 

(b)  Furlf ication  of  Cyclopentyldinitrcmethane.  Potassium  cyclo- 
pentyldinitrooethane  { 4.069  g.,  0,019  mole,  recrystallised  from  hot 
water)  was  placed  i-  a 500  ml.  flask,  fitted  with  a stirrer-  a thermometer 
and  a condenser.  The  potassium  salt  was  dissolved  in  250  ml.'  of  water 
and  cooled  tc  0°.  With  stirring,  a solution  (precooled  to  0°)  of  urea 
(5.1  g.j  0.005  mole)  dissolved  in  20$  aqueous  acetic  acid  (30  g,,  0.10  mole 
acid)  was  added  (by  means  of  a medicine  dropper)  over  a period  of 
20  minutes.  The  two  phase  nysterc  thus  produced  was  extracted  with 
petroleum  ether  (3  x 50  ml,);  the  extracts  were  combined,  dried  with 
Drierite  and  distilled  under  reduced  pressor®  (nitrogen  atmosphere)  to 
give  pure  cyclopentyldinitromethane;  2.35  g./  b.p.  95-9 6°  (5  mra.), 

Be;  r\r\ 

p 1.4b86,  d£vy  1.2470. 

Anal,  for  7eHioN204j  Calcd.  C,  *1.38*  H,  5.79*  N,  16.09. 

Found:C,  41.36;  H,  5*30;  N,  15.84. 
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Pot-as slum  c yc leper,  t yld lei trometha n e ( 1.010  g 79.2%  theory)  was 
obtained  03  a yellow  salt  by  treating  cyclopentyldinitromethane 
(1.046  g.)  in  methanol  (10  ml.)  with  methanolic  potassium  hydroxide  and 
washing  the  filtered  product  several  times  with  ethyl  ether;  dec.  range 
154-151°  after  recrystallizaticn  from  hot  water.  The  ultraviolet 
absorption  of  potassium  cyclopentyldinitromethane  (cone,  of  anion: 

1 x 10~4  moles/liter  in  10*3  N sodium  hydroxide.  The  sample  wub  prepared 

by  dissolution  of  the  potassium  salt  in  1.0  x 10-3  N sodium  hydroxide) 
are:  Max.  1,  3O8  &/J  , log£  , 4.01;  Min.  1,  306-309  m ^ , log£  in  2.?6; 
Max.  2,  233  my \j  , log  £ 3.87. 

Silver  cyclopentyldinitromethane  {0.491  g.,  94.4%  theory)  was 
obtained  as  a water- insoluble  solid  on  mixing  aqueouB  solutions  of 
potassium  cyclopentyldinitromethane  (0,395  g»)  and  Bilver  nitratej 
dec.  range,  104-119°  at  which  the  Bilver  salt  began  to  deposit  a 3ilver 
mirror.  The  following  analyses  of  silver  cyclopentyldinitromethane  were 
obtained'  f 1}  0,1088  g.  of  silver  cyclopentyldinitromethane  required 
7.55  ml.  of  0.03148  N ammonium  thiocyanate;  a g 38.5 %>  (2)  0.1084  g. 
of  silver  cyclopentyldinitrecothane  required  7 50  ml.  of  0.05148  N 
ammonium  tniocyaaate;  Ag  38.4%.  Theory,  Ag  38.38%. 

21,  PREPARATION  OF  3 . >DIMFT!!YL-l-NITROBUrANB  ■ 

Silver  nitrite  (54  g. , 0.35  mole,  freshly  recrystallized  from  hot,, 
water)  was  introduced  into  a 1 liter  round-  bottomed  three-necked  fiaek 
fitted  with  a condenser,  a stirrer,  and  a dropping  funnel.  The  flask 
wap  cooled  to  0°  and  l-bromo-3, 3-dimethylbutane  (58.4  g.,  G.5y  mole, 
prepared  by  reaction  of  t-butyl  bromid^.  ethylene,  and  aluminum  bromide 

at  -30  to  -5°,  b.p.  54-55°  (40  mm.),  1.4420,  d^°  1.1592;  lit.11, 

b.p.  54°  (4c  mm.),  1.4440,  dl°  1,1556)  was  added  dropwise  in  the 

course  of  2 hours.  Stirring  at  0°  was  continued  for  an  additional  4 hours. 
The  mixture  was  brought  to  room  temperature  and  left  overnight  while 
stirring.  The  mixture  was  then  heated  on  a steam-bath  for  6 hours. 

Ethyl  ether  (50  ml.)  was  added  and  the  mixture  was  refluxed  for  an 
additional  2 bourn . The  insoluble  silver  bromine  was  filtered  and  washed 
repeatedly  with  ether.  The  combined  ether  washings  were  distilled  to 
give:  Fraction  1,  0.9  g.,  b.p,  4p-60°(?0  mm),  niP  1.4209;  Fraction  2, 

11.9  g.,  b.p,  60-69°  (20  mm.),  r|5  1.4212,  d|°  Q.98C2;  Fraction  5,  10. 5 g., 
b.p.  69-70°  (29  am.),  v§>  1.4-212,  dj°  0.9497. 

Sulfuric  acid  (96%,  35  ml.,  precooled  to  0°)  was  added  to  Fractions 

2 and  3 (22*4  g.,  cooled  to  0°)  at  a rate  such  that  the  temperature  did 
hot  riee  above  5°.  The  solution  wag  then  stirred  for  15  minutes  at  0° 
and  then  poured  on  ice  (200  g.)  which  wao  covered  with  petroleum  ether 
(75  ml.,  b.p.  30-60°).  The  aqueous  layer  was  separated  and  extracted 
with  freph  portions  of  petroleum  ether.  The  ether  extracts  were  combined, 
washed  with  water  and  dried  ever  Drierite.  The  solvent  was  removed 
under  reduced  pressure  and  the  residue  was  distilled  under  reduced 
pressure  to  give  crude  ^-nitro-3.3-djLmethyibutane:  Fractiou  1,  3.74  g., 
b.p.  67-68°  (20  mm.),  nfp  1.4198',  d£c  0,9551;  Fraction  2,  6-71  g., 

b.p.  68-69°  (20  mm.),  nfp  1.4218,  d§°  0.9467. 
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3,3-£ioethyl-l-nitrobutane  dir  ect  analyze  quite  correctly.  It 
was  therefore  converted  to  3, 3-dimefhylbutana 1 and  analyzed  as.  its 

2.4- dinItrophenylhydrszone.  A solution  of  3/ 5-dimethyl-l-nitrobutane 
(0.340  g.)  and  methanol  (25  ml.)  was  added  dropwise  to  sodium  hydroxide 
(0.3  g»)  in  water  (10  ml.,  »A  0-5°,  The  resulting  Eixture  was  addec; 
dropwise  to  a solution  of 'sulfuric  acid  (2.5  ml*  of  95$  sulfuric  acid 
in  12,5  ml.  of  water)  cooled  to  0r5°.  The  2,4-dinitrophenylhydrazone 
of  3, 3-aimeihylbutanal  resulted  when  a solution  of  2,4-dinitrophenyl- 
hydrazine  was  added.  After  recty«tallization  from  95$  ethanol,  the 

2.4- dinitrophenylhydrazouo  cave  orange  needles  (0.206  g.),  m.p.  148° 


Anal,  for  CisHiv^O^  Calcd:  C>  51.23)  H,  6.09;  K,  19.92. 

Found:  C,  _3i.2jS;  H,  5.84;  H,  20.17. 


22.  PREPARATION  OF  3 . 3-IMMETETL-l . l-DIRITROBOrAWE  (Completed  experiment) 

5,3-Dimethyl-l-citrobutane  (10.45  g.,  0,3C  cold)  was  dissolved  in 
methanol  (100  ml.)  and  added  to  aqueous  sodium  hydroxide  (3.6  g.,  97.9$ 
assay  in  25  ml.  of  water ) at  5°.  Sodium  nitrite  (6.2  g.,  0.09  mole, 
in  15  ml.  of  water)  was  added  and  the  cold  solution  was  poured  rapidly 
into  a stirred  mixture  of  aqueous  silver  nitrate  (30.6  g,,  0.18  mole), 
aqueous  sodium  hydroxide  (5$,  1 drop),  water  (70  ml.)  and  ether  ( 125  ml.) 
at  0-5°.  After  the  precipitation  of  silver  was  complete,  the  cooling 
bath  was  removed  and  the  mixture  was  stirred  for  C.5  hour.  Saturated 
sodium  chloride  (5  ml.)  was  added  and  the  mixture  was  filtered;  the 
residue  from  the  filtration  was  washed  thoroughly  with  ethyl  ether. 

The  fir  rate  was  separated  end  the  aqueous  lay^r  was  washed  with  ether. 

The  ether  washings  were  combined,  washed  with  saturated  sodium  chi de 
solution,  water  and  dried  with  Drlerite.  After  ether  was  removed,  the 
crude  product  was  distilled  under  reduced  pressure  (nitrogen  atmosphere) 
to  give  3,3-dimethyl-l.l-dinitrobutane  (6.10  g.,  43.3$  yield),  b.p.  Y7° 

(5  mo.),  ng°  1.4394,  d£°  1.1190. 

Potassium  3, 3-dimethyl-l, 1-dinltrobutane  (1,66  g.,  95.5$  theory) 
was  obtained  as  a yellow  salt  by  treating  3, 3-dimethyl-l, 1-dini trobutane 
(1.43  g.,  0.008l  mole)  in  methanol  (10.  ml.)  with  methanolic  potassium 
hydroxide  and  washing  the  filtered  product  several  times  with  ethyl  ether; 
dec.  range,  26C-2?5^afier  recrystallization  from  hot  water.  The 
solubility  of  potassium  3j 3-dimethyl-l, 1-dinitrobutene  is  1 part  in 
15. 3 parts  of  water  at  32 ; 

Silver  3,3-dimetl-yl-l,l-dinitrobutane  (0.271  g.,  97.8$  theory)  was 
obtained  as  e water- insoluble  orauge  solid  on  mixing  aqueous  solutions 
of  potassium  5, 3-dimethyl-l, 1-dinltrobutane  (0.268  g.,  O.OOO98  sole)  and 
silver  nitrate;  dec.  range,  160-177°,  deposition  of  a silver  mirror. 

The  following  analyses  of  silver  3,3-dlmethyl-l-dinitrcbutane  were 
obtained:  (l)  0.08l4  g.  of  silver  3, 3-dimethyl-l, 1 -dial trobutane  required 
5.60  ml.  of  0.05148  N ammonium  thiocyanate;  Ag  38.2$,  \2)  0.0888  g.  of 
silver  3, 3-dimethyl-l, 1-dln itrobutano  required  6.l4  ml.  of  0.05148  N 
ammonium  thiocyanate;  Ag  38.4$.  Theory,  Ag  38.11$. 
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Purification  of  3 , 3-dimetKy  1-1 ,l~dinlt robutane . Potass  tuns 
3 . 3-diirethyl-l  (l-dinitrobutane  (42,7  g. , 0,0201  mole,  pecrystallized 
twice  from  hot  water)  was  placed  in  a 500  ml. , round-bottomed,  three 
necked  flask  equipped  with  a stirrer,  a thermometer  and  a condenser. 

The  potassium  salt  was  dissolved  in  water  (250  ml.)  and  cooled  to  0*. 
While  stirring,  a solution  of  urea  (5.1  g.>  O.C85  mole,  precooled  to 
0")  in  20^  aqueoxis  acetic  acid  (30  g.T  0.10  mole  acid)  was  added  (by 
means  of  a medicine  dropper)  over  a period  of  20  minutes.  The  two 
phase  system  thus  produced  was  extracted  with  petroleum  ether 
(3  x 50  ml.)  and  the  extract's  were  combined  and  dried  over  Drierite. 
After  petroleum  ether  was  distilled,  the  residue  was  distilled  under 
reduced  pressure  to  give  pure  3, 3“dimethyl-l, 1-dinit robutane ; 2.75  g. , 

b.p.  ?fr-799  (5  mm. ),  n<-0  1.4398,  d£°  1,1185,  MIL.  (calcd,)  41.50, 

KRd  (found)  41.24. 

Anal.  Ca? cd.  for  C6H12N204:  Calcd.;  C,  40.90;  H,  6.86;  N,  15.90. 

Found:  C,  41138}  H,  6.76;  K,  15.33. 

21  THE  SOLUBILITIES  OF  POTASSIUM  1 , 1-DIN ITRO ALKANES  (r germination) 

The  solubilities  of  the  various  lt I-dint iroalkanes  were 

determined  in  the  following  manner*  Water  was  added  from  a buret"  into 
a weighed  sample(0.1-0.3  g.)  of  potassium  dinit  roalkane  in  a weighed 
Erlenmeyer  flask.  The  heterogeneous  solution  was  shaken  from  time  to 
time  and  left  at  room  temperature  bath  (25  i 0.01°)  overnight.  The 
insoluble  cotassium  dinitroalknne  was  filtered  rapidly  (required  not 
more  than  1 minute)  in  a waited  glass  sintered  funnel  and  wsig f.ed 
after  complete  drying.  The  solubility  of  the  salt  wro  than  calculated. 


Compound; 

Potassixim  salt  of 

1 , 1-Dinit  nethane 

1 , l-Dinit  ropectsn© 

1 , 1-Dinit  ro-*3"nie  Ihylbut  ane 
3 , 3-Dimethyl-l , 1-dinit robutane 
Cyclopentyldinitramethane 
Cyclohexyldinitromethane 


Solubility 

(a)  1 part  in  13.3 

(b)  1 part  in  13.6 

(a)  1 part  in  42.1 

(b)  1 part  in  42.1 

1 part  in  8.30 
1 part  in  19.3 
1 part  in  13.2 

(a)  1 part  in  36.8 

(b)  1 part  in  36.6 
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FOR  THE  OHIO  STATE  UNIVkRSITT  RESEARCH  FOUNDATION 

Executive  Director  C.  Ct.  j±  fli*u(/fS3 
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Cc-amanding  Officer  2 

Pieatinny  Arsenal 
Dover;  New  Jersey 
Attn:  Library 

Commanding  Officer  2 

Bedstone  Arsenal 
Huntsville,  Alabama 
Attn:  ORC  Technical  Library 

Dept,  of  the  Air  Force  1 

Hq.  USAF.  DCS/h 
Washington  25,  D.  C. 

Attn:  AFDED-AC-3 

Col.  Paul  F.  Nay 

Commanding  General  1 

Vright-Patteroon  Air  Force  Base 
Dayton,  Ohio 
Attn:  WCEGH-2 


Commanding  General 
Wright-Patterson  Air  Force  Base 
Dayton,  Ohio 
Attn:  WCNEN-5 

Aerojet  Engineering  Corp, 

P.  0.  Box  296 
Azusa,  California 
Attn:  Dr.  A.  7,,  Antonio 

Allegany  Ballistics  Laboratory 
P.  0.  Box  210 
Cumberland,  Maryland 
Attn:  Br.  L.  G.  Bonner 

Armour  Research  Foundation  of 
Illinois  Inst,  of  Technology 
Technology  Center 
Chicago  16,  Illinois 
Attn:  Dr.  L.  V.  Griffis 

U.  S.  Bureeu  of  Mines 
kOOO  Forbes  Street 
■Pittsburgh  13,  Pennsylvania 
Attn:  Dr.  Bernard  Lewis 

Catholic  University  of  America 
7th  St.  and  Michigan  Ave.  N.E. 
Washington  17,  D.  C. 

Atun:  Dr.  F.  0.  Rice 

E.  I.  duPont  de  Nemours  and  Co. 
10th  and  Market  Streets 
Wilmington,  Delaware 
Attn:  W.  F.  Jackson 

Dr.  A.  M.  Ball 

BDrrcu3.es  Experiment  Station 

W.ilta  ■ curt  on,  Delaware 

Propulsion  Laboratory 
tSoo  Oak  Grove  Drive 
Famdena  3,  California 
’'ttr?  br  Louis  G.  Dunn 
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Address 


The  M.  W.  Kellogg  Company 
Ft.  of  Danfort!  Avenue 
Jersey  City,  New  Jersey 
Attns  Samuel  Baig 

special  Projects  Dept, 

Arthur  D.  Little,  Inc.  1 

30  Memorial  Drive 
C atS ' i 3 ge  42 , Hass. 

Aten*  Dr.  C.  S,  Keevil 

Arthur  B-  Little,  Inc.  1 

3C  Heforial  Drive 
Car;l v:.Ggc  h2>  Mass . 

Attn.  Dr.  W.  C.  Lothrop 

The  Gloun  L.  Martin  Co.  1 

Baltimore  3,  Maryland 
Attn;  Mr.  S.  ?.  Guallllo 

Midwest  Research  Institute  1 

4049  Pennsylvania 
Kansas  City,  Missouri 
Attn,;  V.  Sherman  Gillao 

Uni%r<"rt,vry  of  Minnesota  1 

Oalt  Street  Laboratories 
2013  University  Avenue 
Minneapolis,  Minnesota 
Attn;  Prof.  B.  L.  Crawford/' Jr; 

Kational  Fireworks  Ordnance 

Corporation  ’ 

West  Hancver,  Mess. 

Attn;  Mr.  S.  J.  Porter 

Phillips  Petroleum  Company  i 

Bartlecyil] e , Oklahoma 
Attn;  isCO  ?.  Aided 

Project  Squid  1 

Princeton  University 
Princeton,  New  Jersey 
Attn;  Librarian 


Copies 

Purdue  University  1 

Department  of  Chemistry 
Lafayette,  Indian® 

Attn;  Dr.  Henry  F^uer 

Rohm  and  Eaas  Company  1 

5O0J  Ricbn^nd  Street 
Philadelphia  37  ,>  Pa. 

Attns. Dr.  d.  F.  Kincaid 

■Kf'ja  and  Haas  Company  1 

Rriatone  nroenal  Research  Div. 
I^-ntsville  Alabama 
vAtv-pr  Dr,  Clayton  Huggett 

Solid  Propellant  Information 

Agency  5 

Applied  PhvBics  Laboratory 
The  Johns  Hopkins  University 
Silver  Spring,  Maryland 
Attn;  Mr.  Ross  H.  Patty 

Standard  Oil  Company  1 

Research  Depaatment 

?.  0.  Bo*  431 

Whiting,  Indiaua 

Attn;  Dr.  W.  JEL  3a hike 

Thioeol  Corporation  1 

H'drccne  Arsenal 

Huntsville,  Alabama 

Attn;  Mr,  W R.  Ignatius 

TrJokol  Corporation  1 

780  K.  Clinton  Ave. 

Trenton,  7,  New  Jersey 
Attu;  Mr,  HI  J. 'Ferguson 

Thi  okol  Corporation  1 

Research  and  Development  Dept. 

780  Ti.  Clinton  Avouue 
Trenton  7,  ’lav-  jp^oey 
Attn;  Mr.  S.  K.  Fettes 
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U.  $.  Rubber  Company  1 

General  Laboratories 
Market  and  South  Street a 
Passaic,  Nev  Jersey 
Attu:  Dr.  P.  0.  Tavney 

Western  Cartridge  Company  1 

East  Alton,  Illinois 
Attn:  Mr.  R.  L.  Woaer 

British  Joint  Services  Mission  4 
1800  K Street  N.W. 

Washington,  D.  C. 

Attn1  >.  L.  Phillips 

Depart:?,  ont  of  the  Navy  1 

Bureau  of  Aeronautics 
Washington  25,  D,  C* 

Attn:  SI -5 

Deportment,  of  the  wa^  1 

Bureau  of  Ordnance 
Washington  25,  D.  C. 

Attn:  Ad 5,  Technical  Library 

Department  of  the  Navy  1 

Bureau  of  Ordnance 
Washington  25,  D.  C. 

*ttn:  Section  Re2d 

ooEacsnu^r  2 

U.  S,  Naval  Air  Miasilc 
Test  Center 
Point  Mugu,  California 
Attn:  Technical  Library 

Commanding  Officer  1 

U,  S,  Naval  Air- Rocket 
Taet  Station 
Lake  Denmark 
Cover,  Near  Jersey 
Attn:  Technical  Library 


Commanding  Officer  2 

U.  S.  Nsvai  Pcrosr  Factory 
Indian  Head,  Maryland 
Attn:  Res.  and  Development  Dept. 

Commander  1 

U.  3.  Naval  Proving  Ground 
Dahlgren,  Virginia 
Attn:  M.  I.  Division 

Commander  1 

U.  S.  Naval  Ordnance  Laboratory 
White  Oak 

Silver  Spring,  Maryland 
Attn:  Library 

Commander  3 

U«  B , Navel  ordnance  Test  Station 
Inyokerr.,  China  Lake,  Calif. 

Attn: . Technical  Library  Breach 

Department  of  the  Navy  5 

Office  of  Naval  Research 
Washington  25,  D.  0. 

Attn:  Code  429 

Commanding  Officer  1 

Office  of  Naval  Research 

Branch  Office 

844  North  Rush  Street 

Chicago  11,  Illinois 

Attn:.  LTJG.  M.  C.  Laug 

Commanding  Officer  1 

Office  of  Naval  Research 
1C 30  E.  Green  Strost 
Pasadena  1,  California 

Dr.  E.  R.  BtieV>«*n  1 

California  Institute  of  Technology 
Pae-adara,  California 
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Copies  Address 


Bureau  of  Aeronautics  'Rep.  1 
15  South  Raymond  Ave. 

Pasadena  1,  California 

Evans  Re&earch  and  Develop- 
ment Corporation  1 

250  East  43rd  St. 

New  York  17,  N.  Y. 

Attn:  Dr . E-  <7.  Hewitt 

Commercial  Solvents  Corp.  1 

Terre  Heute,  Indiana 
Attn:  Dr.  Jerome  Martin 

Ethyl  Corporation  1 

1600  W.  Eight  Mile  Road 
Ferndale  20,  Detroit,  Mich. 
Attn:  Dr.  Roy  Sugiraoto 

Commander  1 

Naval  Ordnance  Laboratory 
White  Oak,  Silver  Springy  Md. 
Attn:  D.  V.  Sickoan 

EerculeB  Experiment  Station  1 

Hercules  Powder  Company 
Wilmington  99,  Delaware 
Attn:  R.  W.  Lavrence 

Tit.  William  Sager  1 

Department  of  Chemistry 
George  Washington  University 
Washington,  D.  C. 

Dr.  N.  L.  Drake  1 

Department  of  Chemistry 
University  of  Maryland 
College  Park,  Maryland 

X 


Copies 

Department  of  the  Navy  1 

Bureau  of  Ordnance 
Washington  23,  D,  C. 

Attn:  Re2c,  T.  L.  Brownyard 

Chief,  Bureau  of  Aeronautics  2 

■Department  of  the  Navy 
Washington  25,  B.  C. 

Attn:  TD-4 

Dr.  Elizabeth  F.  Riley  1 

Department  of  Chemistry 
Ohio  State  University 
Columbus  10,  Ohio 

Prof.  M.  L.  Wolfrom  1 

Department  of  Chemistry 
Ohio  State  University 
Columbus  10,  Ohio 

Dr.  Joseph  W.  Lang  - 1 

Director  of  Research 

General  Aniline  and  Film  Corp. 

Central  Research  Laboratory 
Lincoln  and  Coal  Streets 
Easton,  Pennsylvania 


Naugatuck  Chemical 
Naugatuck,  Connecticut 
Attn:  Mr.  F.  Jt  Foster 


